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PRELIMINARY ASSESSMENT/SITE INVESTIGATION OF
RADIUM CONTAMINATION

WATER WELL AT OFF BASE WEAPONS STORAGE AREA
CARSWELL AIR FORCE BASE, TEXAS

1. INTRODUCTION: As requested by Carswell Air Force Base, Environmental Office,
the Fort Worth District, Corps of Engineers, conducted a preliminary assessment of
radium contamination at the subject site. This report describes the assessment and
makes recommendations for remedial investigations to follow.

2. INVESTIGATIONS:

a. Ground Water. Samples from the operational water well in Building 8504
have been taken periodically by Carswell Bioenvironniental Engineering and tested
for gross alpha activity and chemically tested for radium 226 and 228. Samples were
taken from November 1987 to present, as regulations require. Most of these
samplings were done quarterly rather than monthly. Test results from 8 of 19
samplings to date produced combined radium 226/228 contents above the limit of 5
pCi/l for State drinking water standards. However, none of the gross alpha values
exceeded the 15 pCi/i State drinking water standards. Tests of three of the eight
samplings produced values at least twice the maximum allowed, while the other five
had test values only slightly above the maximum value permitted. Test values of

gross alpha activity varied widely, but presented no recognizable pattern,
appearing almost randomly. Normally, concentrations of ground-water contaminants
change gradually because ground water moves through the earth slowly. Rainfall
data were plotted against gross alpha activity to discover if any relationship
between the two might exist. A positive correlation between the two was found
between the earliest datum in November 1987 and August 1989. This means that in
each instance of positive correlation when the gross alpha value rose, the monthly
rainfall datum rose also, and at approximately the same rate. As the values

diminished, both gross alpha activity (radium concentration) and monthly rainfall
fell together. A plot of these values accompanies this report. It should be noted
that correlation, or absence of correlation between the two sources of data is
influenced to some extent by which day of each sampling month water samples were
taken.

b. Soil Borings. Twelve shallow soil borings were dug and sampled on the
downslope side of Building 8503 in which maintenance was performed on nuclear
weapons. Three other borings of the same type were drilled along the ridge crest
on which Building 8503 is located, assuming them to represent background radium
contents. Samples from all 15 shallow borings were taken between a depth of
0.5-foot and 1.5 feet. The pattern of soil radium content anticipated was only
partially realized. While higher radium content was found on the downslope side
of Building 8503 as expected, higher radium content was also found in all three of
the "background" borings along the top of the ridge. Plate 1 shows the boring
locations. See Table 1 for summary of soil sample analysis. Complete laboratory
report is at Appendix A.

c. Radioactive Disposal Area. Two borings, 18 feet deep, were drilled with
an auger and sampled at each 2 feet advance in hole depth. These borings were
located in line with the three 12-inch, sealed, cast iron pipes which contain
radioactive waste. The pipes were embedded in the earth to a depth of 18 feet.



TABLE 1

SOIL TEST RESULTS
CARSWELL AIR FORCE BASE

WEAPONS STORAGE AREA
PRESENCE OF RADIUM 226 AND 228

TEST METHOD 9315

BORING
NUMBER
8A-1
8A- 1
8A- 1
8A-1
8A-1
8A- 1
8A- 1
8A-1
8A-1
8A- 2
8A-2
8A-2
8A- 2
8A- 2
8A- 2
8A- 2
8A-2
8A- 2
4HA— 3

4HA- 4
4HA- 5
4HA-6
4RA-7
4HA- 8
4HA- 9
4HA-10
4HA-11
411A-12
4HA-13
4HA-14
4HA-15
411A-16
4HA-17

SAMPLE
DEPTH RANGE
1.5' — 2.0'
3.5' - 4.0'
5.5' — 6.0'
7.5' - 8.0'
9.5' - 10.0'

11.5' — 12.0'
13.5' - 14.0'
15 5' - 16 0'
17.5' — 18.0'
1.5' - 2.0'
3.5' - 4.0'
5.5' - 6.0'
7.5' — 8.0'
9.5' - 10.0'

11.5' — 12.0'
13.5' - 14.0'
15.5' — 16.0'
17.5' — 18.0'
0.5' - 1.5'
0.5' - 1.5'
0.5' — 1.5'
0.5' - 1.5'
0.5' — 1.5'
0.5' - 1.5'
0.5' — 1.5'
0.5' - 1.5'
0.5' — 1.5'
0.5' - 1.5'
0.5' — 1.5'
0.5' — 1.5'
0.5' — 1.5'
0.5' - 1.5'
0.5' - 1.5'

TEST RESULTS
TOTAL pCi/g (RADIUM)

2.711
1.927
2.755
2.715 2
1.057x10
3.284
3.451
2.919
3.589
2.435
2.922
3.038
3.515
3.688
2.453
3.170
3.018
3.033
4.065
4.566
2.786
2.369
4. 184
5.139
4.537
4.190
4.025
3.905
3.974
2.475
4.164
4.892
4.030

TESTS FOR
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The borings were drilled approximately 7 feet beyond each end of the line of cast
iron pipes (see Plate 1 for boring locations). Radium content of all but one of
the samples from these two borings was in a range which will probably prove to be
within background radium content (1.927 to 3.688 pico Curies per gram). One sample
had a radium content of 105.7 pico Curies per gram, very significantly beyond the
background range for radium. This sample was from 9.5 to 10.0 feet in boring 8A-1.

3. TEXAS REGULATORY REQUIREMENTS (GENERALIZED).

a. Soils. Maximum content of radium 226 and radium 228 above background
level allowed in soils averaged over any 100 square meter area is 5 pico Curies per
gram averaged through the first 15 centimeters of soil, and 15 pico Curies per gram
averaged over the thickness of each 15 centimeter thick layer below the surface
layer.

b. Drinking Water. Maximum content of radium 226, radium 228, and gross
alpha activity follow:

(1) Maximum combined radium 226 and 228 is 5 pico Curies per liter.

(2) Maximum gross alpha activity allowed is 15 pico Curies per liter.

4. CONCLUSIONS.

a. Radium Source. Location of the original source of radium contamination
is not yet known. It is speculated that the original source was Building 8503
where nuclear weapons were maintained. Alternatively, it has been suggested that
the original source of radium was luminous instrument dials and the like, which may
have been disposed of in a dump at the Weapons Storage Area. The pattern of radium
contamination of shallow soils, so far as it has been developed, suggests that some
secondary radium contamination may have occurred because of leaking waterlines
and/or sewer lines. Correlation between rainfall and gross alpha values, together
with the rapid changes in the gross alpha values, suggests the possibility of a
defective seal between the casing and the hole in the water well in Building 8504,
allowing radium contaminated rainfall runoff to quickly descend from the near
surface to the producing interval of the well, resulting in rapidly changing radium
concentrations in produced well water. See Plate 2, "Plot of Rainfall vs Radium
Concentrations in Well Samples."

b. Water Wells. Of two water wells at subject facility, only well lAW 161-
44 in Building 8504 remains operational.

c. Background Radium Content. The range of natural background radium
226/228 content has not yet been established unambiguously in the subject area.
Additional shallow soil samples should be taken to adequately define the contents
of naturally occurring radium. These samples should be collected as remotely as
possible from likely polluting activity as can be contrived. The three samples
already taken and tested to represent background appear to have been located too
close to areas of activity and possibly within minor drainages which could have
introduced radium contaminated surface runoff.

d. Creek Contamination. It is not yet known whether the north and south
forks of Live Oak Creek are contaminated with radium. Water samples from both

3



forks will be needed to determine this.

e, Strong Radiation Sources. A strong total gamma source (radium) appears
to be located very near where sample E (9.5 to 10.0 feet in depth) was taken in
boring 8A-l (boring located on the south side of the Radioactive Disposal Area).
Sample E tested 105.7 pCi/g (total gamma).

f. Radium Contaminated Ground-Water Recharge. Paluxy ground water produced
by well lAW 161-Ji4 is believed contaminated with radium 226/228 by one of two
possible michanisms: (1) radium contaminated water percolating downward from the
ground surface behind the casing of the well to the producing interval of the well
(failed grout seal between the well casing and the wall of the hole); and (2)
radium contaminated rain runoff flowing to the south, downslope into the south fork
of Live Oak Creek. Also, the septic sewer system filter bed is located next to a
steep bedrock slope which descends directly to the creek. The filter bed is
located on the Walnut Formation, only a few feet above the top of the Paluxy
aquifer. The Walnut is considered to have hydraulic conductivity too low for
ground-water flow, and is suspected to have insufficient ability to hold or dispose
of all effluent from the sewer system. If this is correct, excess effluent
probably returns to Live Oak Creek. If radium contaminated surface water reaches

the creek, by whatever route, it is likely to be picked up by wel1IA l61-L)only
if the well develops a pumping cone of depression in the water table of the Paluxy
aquifer sufficiently deep to reverse the normal ground-water gradient from creek
bank to Live Oak Creek instead allowing ground water to flow from the creek to the
well. If well AWl2produces radium contaminated water from Live Oak Creek,
the contaminated water is being recycled by means of the sanitary sewer system.
Data have not yet been developed toadeqately define the route(s) of radium
contaminants from source to well lAW 161-44.

5. RECOMMENDATIONS.
- '1

a. Remedial Investigations Consisting Of:

(1) Additional record searches and interviews should be conducted to
obtain more information on radium source locations(s) and other pertinent matters.
Especially important are the as-built drawings of the water well in Building 8504
and those of the water and sanitary sewer systems. Electric and sample logs of
both the well in Building 8504 and the abandoned well in
Building 8502 will be extremely important for determining zonation of the Paluxy
aquifer and of significant help in locating the most hydraulically conductive
portions of it. Length of the normal pumping period of the well into Building 8504
to replenish water in the water tower adjacent to the well, and the typical period
between pumpings are desired data. Information on any dump areas not yet reported
and what was placed in them is of special interest. Air Force nuclear authorities
will be consulted as to whether maintenance of weapons in Building 8503 could have

'

allowed any radium 226/228 to be released.

(2) Soil borings - background (naturally occurring) radium content.

Ten borings 1.5 feet deep, one sample per boring.

(3) Soil borings - sanitary sewer system filter bed. Five borings

approximately 5 feet deep, two samples per boring.

4



(4) Stream samples - North and South Forks of Live Oak Creek - eight
water samples, four samples each fork.

(5) Well water samples - two samples for radium aniondeterinination

(6) Pump test of water well TfWliI22 This test depends upon
installation of an "air line" in the well through which water levels in the well
can be measured while the well is being pumped. The test is designed to discover
the magnitude of piezometric slope change to be expected within normal pumping and
shutdown periods. If conditions permit, attempt will be made to determine
hydraulic conductivity of the Paluxy aquifer by means of the pumping test.

(7) Walnut test boring. Two borings approximately 15 feet deep
located near the top of the ridge in the vicinity of well in Building 8504. These
borings are to be cored and water pressure tested to better define hydraulic
properties of the Walnut Formation.

(8) Continue plotting monthly rainfall against radium content of the
well in Building 8504 as developed by Carswell Bioenvironmental Office.

(9) Prepare a report covering results of above investigations.

b. Radioactive Disposal Area. Prepare remedial design for removal of the
.three 12-inch diameter cast iron pipes and any surrounding contaminated soil.

6. COST ESTIMATE.

a. Drilling and Sampling. $ 4,000

b. Water Sampling. 500

c. Laboratory Analysis 1,000

d. Pump Test, Well 161-44. 3,000

e. Walnut Foundation Borings 3,000

f. Administration/Report. 8,000

g. Design/Prepare Plans and Specs
Remedial Action - Radioactive
Disposal Area. 17.500

SUB TOTAL 37,000
h. Remedial Action - Radioactive -

Disposal Area. 30.000
TOTAL $67.000

7. Above task will be accomplished in FY92.

H
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APPENDIX A

RESULTS OF CHEMICAL ANALYSIS OF SOIL SAMPLES
WEAPONS STORAGE AREA

CARSWELL AIR FORCE AS, TEXAS
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SOUTHWESTERN DIVISION LABORATORY, CORPS OF ENGINEERS
4815 Cass Street
[)allas, Texas 75235

SUBMITTAL OF SWDED-GL REPORT 1398

PROJECT: FORT WORTH DISTRICT Report submitted for payment
FEATURE: CARSWELL AFB OCTOBER 1991

WEAPONS STORAGE AREA

TEST REQUEST NO: E8791O3l COST CODE
Dated: 22 AUGUST 1991 RG1032125080099
Reôejved: 27 AUGUST 1q91 DISTRICT: FORT WORTH

COST

OUTSIDE TESTING $ 2,475.00
$ 247.50

$ 2,722.50

TOTAL AJIOUNT [UE FHI:S RPT $ 2,722.50

TOTAL AMOUNT BILLED TO $ 2,722.50

BALANCE REMINING ON CURRENT $ 1,402.50



p i 0

number nuclide ccn.vaLp

S I S P E P 0 P T *******

pC i/g)

decay
c cr r ec ted

saturation

-J1. 2.428E+OO
:3o 2.B27E—O1

2.71 1E+OO

0. 000E+00
0. 000E+00

0. 000E+00

Flags: C check; nuccie i Pat .f icierdetermined solution

1 R4—226 428E'-(O
2 AC—228 .991E 827E-(1 +

i A (- 1 1 E + (.



r

peaL spectrum ibra-y ec trurr er full phcitopeak detection
nerQv energ activity limiteV e'i pCi/q pCi/g

338.30 338. 32o9E—o1 7.15E—O2
28 911. )7 91].2 2.650E—01 3.134E—02
30 968. 0 968.r 2..843E—01 6.499E—02

3. 134E—02

R -226
1 8 186. 2.429E-+-O0 2.242E—01

2. 242E—O1



SAMPO 90, 199: P4. MN, J. 20—Sep—1991 15: 49: 15
** ** * ** *****4 * **

* *
G 4 M M A S F E C S I S R E P 0 R T

*
**********************************--* *4 ***********************************
s':;IENTE':H, INC.

Sample description:
Spectrum file name:
,Sample icientiier
ample size
lleasured by

3tart of irradiation
End of irradiation
ITh—,lle-t started on
Tcllect ended o

2105 LUNA PD..
1 —2730
4404749
4404749

E3—4L u 9' 1

28—ALq- 1991
28—ALLQ 1991
28—Auci 1991

eas
(H • —:

16:43: 8
16:43: 8
16:43: 8
18:23: 8

Shape calibration requested
3hape calibration used

Created
Mcd i i cc

EOM.
DEFALJ:

0: 0: 00:0:0
nerqy calibration requested
Energy calibration used

r eat ed
M':d i f cc

3EOM
EOM
26—Aui 1991
264LtJ 1 1

'3EDM.
3EOM
2 s At .t —J

25--6t ti

16:34:14
16:40:44

ast search iiscrimiraticn 1eI:
Last search FROM :hannel
'ast fitting iiscriminaticn 1ie
ast fit FROM hanne1

ldentification energy trierar
Minimum intensity corr fa t
amma reference lihra
9ith 2 is:t:pes ai

4
4086

4096

- RADIUM. ILF

library namE:
eneray tcl er ance:
decision limit 1--ipha:
detection imit tet a:

T-eaked ba: round f Ic: 'JDNE

Energy tclerance for :eaeP C :
rhreshold fact:- :r ca

1 .00 key

*

'4RFOL CN.

AS

*

Irradiation time
.Decay time
.ive time: 6. 000E±o: ; -cal :me:

at
at
at
at

.cas 0 days 0 hours 0 minutes
0 days 0 hours 0 minutes
dead time: .00 7.

Efficiency cal ibratic'n requested
fficiency caibraticn used

reat ed
Mod f

16:43:35
16:43:35

IDA
IDA
MDA -i_ (_)



********** R D I 0 N 1 L Dr 'S I S REPORT *******

number nuci ide conf. va. uc - t ( pCi/g)

decay saturation
corrected

1 R—226 418E+( 3.2O7. 1..418E+OO O.000E+OO
2 AC—22B .9910 5,097E—')] rL217. 5..097E—O1 O..000E+OO

H27E± 1.927E+OO O.000E+OO

Flacis: C check; nucide s part f ' rnderdetermined solution



*************************** M D A R E P 0 R T ****************************

peak spectrum library spectrum energy full photopeak detection
* energy energy diff. activity limit

keV keV keV pCi/g pCi/g

AC—228
1 10 338.40 336.47 —.07 5..713E—O1 2..445E—O1
2 16 911.07 911.30 —.23 5.653E—01 1.OOIE—0l
3 17 968.90 968.91 —.01 3..550E—01 2.116E—01

1.OOIE—01

RA—226
1 6 186.00 185.89 .11 1.418E+00 7..724E—01

7.724E—01
'I



.SAMPO 90, 1990 PA,MN,JR. 20-Sep-1991 15:51:53

* GAMMA SPECTRUM ANALYS IS REPORT
*
*
*

Sf:IENTECH, INC., 2105 LUNA RD., CARROLLTON,TX
3ample description: 1—2731
Spectrum file name: A404750
3ample identifier : AA04750
3ample size : 4.300E+02 g
1'leasured by : KAS

3tart of irradiation
End of irradiation
Collect started on
Oollect ended or?

19: 12:20
19:12:20
19:12:20
8:15:40

Irradiation time
Decay time
_ive time: 4.699E+04 s real time:

0 years
0 years

4.700E+04 5

0 days 0 hours 0 minutes
0 days 0 hours 0 minutes
dead time: .01 •h

Shape calibration requested
Shape calibration used

Created
Modified

GEOM3
DEFAULT
1—Jan—
1—Jan—

1 0:0:0
1 0:0:0

Energy calibration requested
Energy ':alibration used

Created :
Modified

GEOM3
GEOM3
26—Auq—1991
26—Aug—i991

16:34:14
16:40:44

Efficiency calibraticsn requested
Efficiency calibration used

Created
Mcdi fied

GEOM3
GEOM3
26—Aug-- 1991
26—Aug- 1991

16:43:35
16:43:35

4.00
TO channel
5.00

1 TO channel
1 . 00
1 . 00

MDA library name: ..\LIF'RARY\RADIUM.ILF
MDA energy tolerance: 1.00 V

F1DA decisic'n limit 1—alpha: 95.00 7.
MDA detectjctn limit 1—beta: 95.oc:) 7.

Peaked backrc.und file: NONE
Energy tolerance for peaked backround subtraction:
Threshold factor for peak areas: 1.00

1.00 keY

2B-Aug— 1991
28—Aug—1991
28—Aug- 1991
29—Aug—1991

at
at
at
at

Last search discrimination level:
Last sear.:h FROM channel 10
Last fitting discrimination level:
Last fit FROM channel
Identification energy tolerance
Minimum intensity onv. factor
tamma reference library
with 2 isotopes and

4086

4096

.\LIBRARY\RADIUM.ILF
4 gamma 1 ines.



********** RADIONUCLIDE ANALYSIS REPORT *******

iumber nuc].ide conf.value Activity ( pCi/g)

measured decay saturation
corrected

1 RA—226 .9982 2.1Z2E+OO +— 8.40v. 2.152E+OO O.000E+OO
2 AC-228 .9920 6.031E—01 + 4.297. 6.031E—01 O..000E+OO

2..755E+00 2.755E+00 0.000E+O0

Flags: C = check; nuclide is a part of an uñderdetermined solution



*************************** M D A R E P 0 R T ****************************

peak spectrum library spectrum energy full photopeak detection
* energy energy diff. activity limit

keV keY key pCi/g pCi/g

AC—228
1 17 338.40 338.52 —.12 !.347E-01 9.260E-022 29 911.07 911.22 -.15 6.I1OE—01 3.687E—023 32 968.90 969.01 —.11 6.732E—01 5.210E—02

3.687E—02

RA—226
1 10 186.00 185.89 .11 2.152E+00 3.050E—01

3.OSOE—01



SAMPO 90, 1990 PA,MN,JR. 20—Sep—1991 15:54:20
-******** * * **** * ** **** ** * ***** * * *** *** **** *** ***** ** *•****** * ****** ** ***** **** **

GAMMA SPECTRUM ANALYSIS REPORT
*
*

**************************************
SCIENTECH, INC., 2105 LUNA RD.,
Sample description: 1—2732
Spectrum file name: AA04751
ample identifier : AA04751
ample size : 5.650E+02 a
-Measured by : KAS

'tart of irradiatjc.,-i
nd of irradiation
Collect started on
e'1lect ended or

Irradjatjon time
4ecay time
_ive time: 6.000E+03 s real time:

Shape calibration requested
3hape calibration used

Created
Modified

8:18:52
8:18:52
8:18:52
9:58:52

o days 0 hours 0 minutes
0 days 0 hours 0 minutes
dead time: .00 7.

0:0:0
0:0:0

Energy calibration requested
Energy calibration used

Created
Modified

Efficiency calibration requested
ffi':ien':y calibration used

Created
Modi fied

GEOM3
GEOM3
26—Aug—i 991
26—Auci—1991

I3E0M3
GEOM3
26—Aug— 1991
26—Aug—i 991

16:34:14
16: 40:44

4 . A •Ai. ?. ,_..J
I • 4'• ?£. •?D.

_ast search discrimination level:
Last search FROM channel
ast fitting discrimination level:
..ast fit FROM channel
-Identification energy tolerance
Minimum intensity (.Dnv. factor
amma referen':-e library
..'ith 2 isotopes and

4.00
10 TO channel

5.00
1 TO ':hannel

1.00
i.00

1DA library name: ..\LIRARY\RADIUM.ILF
IDA energy tolerance: 1.00 keV
MDA decision limit i—alpha: 95.00 7.
N1DA detection limit 1—beta: 95.OC) 7.

eaked backrc.und file: NONE
Energy tolerance f:r peaked backr'Dund subtras:tion:
rhreshold factor for peak areas: 1 . 00

1 . 0C) keY

CARROLLTON, TX

*

at
at
at
at

29—Aug—1991
29—Aug— 1991
29—Aug—1991
29—Aug—1991

0 years
o years

6.000E+03 s

GEOM3
DEFAULT
1—Jan—
1—Jan—

4086

4096

..\LIBRARY\RADIUM.ILF
4 aamma lines.



********** P A 0 I 0 N U C L I 0 E ANALYS IS P E P 0 R T

iumber nuclide conf.value Activity ( pCi/g)

measured decay
corrected

saturation

• 9987
.9739

2..274E-'-OO +—
4..409E—O1 +—

2. 715E+OO

2. 274E+OO
4. 409E—O1

2. 715E+OO

0. 000E+00
0. 000E+00

0. 000E+00

1 RA-226
2 AC—228

12. 867.

8.787.

F1aqs: C = check; nuclide is a part of an underdetermined solution



*************************** 11 D A R E P 0 R T ****

peak spectrum library spectrum enerQy full photopeak detection
- * energy energy diff. activity limit

keV keV keY pCi/g pCi/g

AC-228
1 11 338.40 338.64 -.24 4.390E—01 2.080E—01
2 16 911.07 911.22 -.15 4.417E—01 6.434E—02
3 17 968.90 969.19 —.29 4.409E—O1 1.630E—Ol

6.434E—02

RA-226
1 7 186.00 185.91 .09 2.275E+0O 7.079E01

7.079E—01



SCIENTECH, INC., 2105 LUNA RD., CARROLLTON,TX
Sample description: 1—2733
Spectrum file name: AA04752
Sample identifier : AA04752
Sample size : 3.,790E+02 g
'Measured by : KAS

Start of irradiation
End of irradiation
Collect started on
Collect ended on

29—Aug-1991
29—Aug—1991
29—Aug—1991
30—Aug—1991

Shape calibration requested
Shape calibration used

Created
Modified

GEOM3
DEFAULT
1—Jan—
1—Jan—

1 0:0:0
1 0:0:0

Energy calibration requested
Energy calibration used

Created
Modified :

GEOM3
GEOM3
26—Aug—I 991
26—Aug— 1991

16:34: 14
16:40:44

.Efficiency calibration requested
Efficiency calibration used

Created
Modi fied

GEOM3
GEOM3
26—Aug—i 991
26—Aug—i 991

16:43:35
16:43:35

Last search discrimination level:
Last search FROM channel
Last fitting discrimination level:
Last fit .. FROM .:hannel
Identification energy tolerance :
Minimum intensity cony. fa':tor
Gamma reference library
with 2 isotopes and 4 gamma lines.

MDA library name: ..\LIBRARY\RADIUM..ILF
MDA energy tolerance: 1.00 keV

L MDA decision limit 1—alpha: 95.00 7.
MDA detection limit 1—beta: 95.00 X

Peaked backround file: NONE
Energy tolerance for peaked backround subtraction:
Threshold factor for peak areas: 1.00

1.00 keV

SAMPO9O, 20—Sep—199i************************1.wwww*************************** *
* GAMMA SPECTRUM ANALYSIS REPORT *
'* *

15:58:11
flits-flits

Irradiation time
Decay time
Live time: 4.354E+04 s real time:

at 20: 1:52
at 20: 1:52
at 20: 1:52
at 8: 8:13

4.358E+04 5

0 years 0 days 0 hours 0 minutes
O years 0 days 0 hours 0 minutes

dead time: .09 X

4.00
10 TO channel

5.00
1 TO channel

1.00
1.00

4086

4096

- \LIBRARY\ RADIUM. ILF



********** RAD I ONUCL IDE ANALYSIS REPORT *******

number nuclide conf.value Activity ( pCi/g)

measured decay saturation
corrected

1. RA—226 .9953 1.. 052E+02 +— 6. 927. 1. 052E+02 3. 922E+O')
2 AC—228 .9756 5..142E—O1 +— 5.817. 5.142E-O1 3.993E+OO

1.057E+02 1.057E+02 7..916E+OO

F1ags: C = check; nuclide is a part of an underdetermined solution



*************************** M D A R E P 0 R I ****************************

T peak spectrum library spectrum energy full photopeak detection
* * energy energy diff. activity limit

keV keV keV pCi/g pCi/g

AC-228
24 338.40 338.58 —.18 6.478E—01 2.7ThE—O1
48 911.07 911.29 —.22 4.986E—O1 9.099E—02
52 968.90 969.17 -.27 4.834E—01 1.569E—01

9.099E—02

RA—226
14 186.00 185.83 .17 1.052E÷02 8985E—01

8. 985E—O1



3AMPO 90, 1990 PA,MN,JR 20—Sep—1991 17: 7:14
******************************************************************************

GAMMA SPECTRUM ANALYS IS REPORT
*
*
*

TSCIENTECH, INC., 2105 LUNA RD., CARROLLTON,TX
aampie description: 1—2734
Spectrum file name: AA04753
—Sample identifier : AA04753
amp1e size : 4..980E+02 g
I1easured by KAS

$tart of irradiation
nd of irradiation
Collect started on
iollect ended oi

30—Aug—1991
30—Aug--1991
30—Aug—1991
30—Aug—1991

15:43:42
15:43:42
15:43:42
17:23:42

Irradiation time
Decay time
ive time: 6.000E+03 s real time:

0 years
0 years

6.000E÷03 S

0 days 0 hours 0 minutes
0 days 0 hours 0 minutes
dead time: .00 7.

Shape calibration requested
Shape calibration used

Created :

Modified

GEOM3
DEFAULT
1—Jan— 1 0: 0: 0
1—Jan— 1 0: 0: 0

Energy calibration requested
Energy calibration used

Created :

Modified :

GEOM3
GEOM3
26—Aug—i 991
26—Aug—i991

16:34: 14
16:40:44

Efficiency calibration requested
Efficien':y calibration used

Created
Modi fied

GEOM3
'3 E DM3

26—Auq—1991
26—Aug—P391

IC • .1'. •f•i. -.,_. ..J._J
16:43:35

Last search discrimination level:
Last search FROM channel
Last fitting discrimination level:
Last fit FROM channel
Identification energy tolerance
Minimum intensity cony, factor
Gamma reference library
with 2 isotopes and

4.00
10 TO channel

4.00
1 TO channel

1 . 00
1 . 00

MD library name: .\LIBF.:ARY\RADIUM.ILF
MDA energy tc'lerans:e: 1.00 keV
MD decision limit 1—alpha: 95.00 /.
MDA dete':tion limit 1—beta: 95.00 7.

Peaked backrcund file: NONE
Energy tolerance for peaked backr':.und subtract ion:
Threshold factor for peak areas: 1.0()

1 .00 keV

at
at
at
at

4086

4096

•.\LIBRARY\RADIUM.ILF
4 gamma lines.



N********* P A D I 0 N U C L I D E ANALYSIS R E P 0 R T *******

rumber nuclide conf..value Activity ( pCi/q)
measured decay

corrected
saturation

2.932E+00 +— 12.747.
3.529E—01 +— 11.36%

' 3.284E+0O

Flags: C = check; nuclide is a part of an underdetermined solution

1 RA—226
2 AC—228

.9991
- 9830

2. 932E+00
3.529E—O1

3 294E+00

0. 000E+O0
0. 000E+00

0. 000E+00



************************ M D A R E P 0 R T ****************************

peak spectrum library spectrum energy full photopeak detection
* * energy energy diff. activity limit

keV keV keV pCi/g pCi/g

AC—228
1 9 338.40 338.65 -.25 4.192E—01 2.199E—01
2 1 911.07 911.25 —.18 3.214E—01 9.319E—02
3 16 968.90 969.00 —.10 3.696E—01 2..016E—01

9.319E—02

RA-226
I S 186.00 186.08 -.08 2..931E+00 7.696E—01

J

7.696E-01



********** RAD I ONLJCL IDE ANALYSIS REPORT ******

number nuclide conf.value Activity C pCi/g)

measured decay
corrected

saturation

1 RA—226
2 AC—228

2.273E+OO +— 12.747.
1..616E—O1 4— 22.877.

2. 435E+OO

Flags: C = check; nuclide is a part of an underdetermined solution

L

• 9997
-

2. 273E+OO
1.616—O1

2. 435E+OO

0. 000E+00
0. 000E+0O

0. 000E+00



M D A P E P 0 P T ****************************

peak spectrum library spectrum energy full photopeak detection
* * energy energy diff. activity limit

keV keV keV pCi/g pCi/g

Ac:-22e
1 9 338.40 352.20 —13.80 0.000E+00 2.671E—01
2 14 911.07 911.40 —.33 1.616E—01 7.838E—02
3 14 968.90 911.40 57.50 0.000E+00 2.288E—01

7.838E—02

RA—226
1 5 186.00 185.95 .05 2.273E+00 6.769E—01

6. 769E—O1



AMPO 90, 199C) PA,MN,JR. 20—Sep—199l 17:16:31

* *
ANALYSIS REPORT *

******************************************************************************
SCIENTECH, INC., 2105 LUNA RD.., CARROLLTON,TX
ample description: 1—2736
Spectrum file name: AA04755
ample identifier : AA04755
ample size : 4.740E+02 g
1easured by : KAS

tart of irradiation
nd of irradiation
Collect started on
ol1ect ended on

Irradiation time
-Oecay time
..ive time: 6.000E+03 s real time:

31—Aug—1991 at 11:21:34
31—Aug—1991 at 11:21:34
31—Aug-1991 at 11:21:34
31—Aua—1991 at 13: 1:34

0 years 0 days 0 hours 0 minutes
0 years 0 days 0 hours 0 minutes

6.000E+03 s dead time: .00 7.

Shape calibration requested
Shape i:alibration used

Created
Modified

GEOM3
DEFAULT
1—Jan—
1—Jan—

1 0:0:0
1 0: 0: 0

neray ':alibratic'n requested
Energy calibration used

Created
Modi fied

GEOM3
GEOM3
26—Auq—1991
26—Aug—1991

16:34:14
16:40:44

Efficiency calibration requested
fficienu:y i:alibration used

Created
Modi fled

GEOM3
13E0M3
26—Aug— 1991
26—Aug- 1991

16:43:35
16:43:35

.ast search discr iminat ion level:
_ast search FROM channel
Last fitting discrimination level:
ast fit FROM channel
identification energy tolerance
ilinimum intensity .:c'nv. factor
amma reference library
.'ith 2 isotopes and

10 TO channel 4086
4. 00

1 TO channel 4096

..\LIBRARY\RADIUM.ILF

IDA library name: ..\LIBRARY\RADIUM.ILF
IDA energy tclerance: 1.00 keV
iDA decision limit 1-alpha: 9500 7.
1DA detection limit 1—beta: 95.00 7.

>eaked backrc.und file: NONE
inerqy tc.leranu:e for peal::ed ba,:kround subtracti.Dn:

rhresh.:'ld factor for peak areas: 1.00
1.00 keV

F GAMMA SPECTRUM *

4.00

1.00
1 . 00

4 gamma 1 ines.



******** R A D I 0 N U C L I D E ANAL VS IS R E P 0 R I

number nuclide conf.value Activity ( pCi/g)

measured decay
corrected

saturation

• 9978
.9886

2.244E+OO -I---
6..785E—O1 +—

2. 922E+OO

2. 244E+OO
6. 795E—O1

2. 922E+OO

0. 000E+00
0. 000E+00

0. 000E+00

1F1as: C = check; nuclide is a part of an uiiderdetermined solution

1 RA—226
2 AC—228

14. 577.

8.017.



-***********************.W.M.. 11 D A R E P 0 R T ****************************

peak spectrum library spectrum energy full photopeak detection
* energy energy diff. activity limit

keV keV keV pCi/g pCi/a

AC—228
1 10 338.40 338.54 —.14 6..303E—01 2.584E—01
2 16 911.07 911.23 -.16 6.410E—01 9.394E—02
3 17 969.90 969.06 —.16 8.090E—01 1..848E-01

9.394E—02

RA-226
— 1 5 186.00 185.88 .12 2.244E+00 8.658E—01

8. 658E—01



AMPO 90, 1990 PA,MN,JR. 20—Sep—1991 17:19:59

GAMMA SPECTRUM ANALYSIS REPORT
*
*

SCIENTECH, INC., 2105 LUNA RD., CARROLLTON,TX
Sample description: 1—2737
pectrum file name: AA04756
ample identifier : AA04756
pample size : 4..650E+02 g
leasured by : KAS

*

Irradiation time
Decay time
..ive time: 1.000E+05 s real time:

0 years
0 years

1.000E+05 S

o days 0 hours 0 minutes
0 days 0 hours 0 minutes
dead time: .01 X

Shape calibration requested
TThape •:alibration used

Created
Modified

GEOM3
: DEFAULT

1—Jan—
1—Jan—

1 0:0:0
1 0:0:0

inergy calibration requested
Energy calibration used

Created
Modi tied

GEOM3
GEOM3
26—Aug— 1991
26—Aug--1991

16:34:14
16:40:44

Efficiency calibration requested
fficiency calibration used

Created
Modi tied

_ast search discrimination level:
Last search FROM channel
Last fitting discrimination level:
ast fit FROM channel

-Xdentification energy tolerance
Minimum intensity •:onv. factor
3amma reference library
'ith 2 isotopes and 4 gamma lines

IDA library name: ..\LIBRAF.:Y\RADIUM.ILF
IDA energy tcileran,:e: 1.00 keV
'IDA decision limit 1—alpha: 95.00 Y.

MDA detecti':'n limit 1—beta: 35.0(:) 7.

4086

-eaked backround file: NONE
-Energy tc'leran.:e for peaked backround subtracti':.n:
Ihreshold factor fr peak areas: 1.00

1 . 00 keV

3tart of irradiation : 31—Aug—1991 at 13:48:28
nd of irradiation : 31—Aug—1991 at 13:48:28
I::c,llect started on : 31—Aug—1991 at 13:48:28
—Collect ended on : 1—Sep—1991 at 17:35:21

GEOM3
13E0M3
26—Aug— 1991
26-Aua-1991

16:43:35
16:43:35

4.00
10 TO channel

4.00
1 TO ':hannel 4096

1 . 00
1 . 00

- \LIBP.ARY\RADIUM. ILE



********* R A D I 0 N U C L I D E ANALYS IS R E P 0 R T

iumber nuclide conf.value Activity ( pCi/g)

measured decay
corrected

saturation

2..227E+OO ÷- 7.627k
B.107E—O1 +- 3.577.

3.038E+OO

Flags: C = check; nuclide is a part of an underdetermined solution

1 RA-226
2 AC—228

• 9991
• 9767

2. 227E+OO
8. 107E—O1

3. 038E+OO

3. 197E+OO
3. 255E+OO

6.. 452E+OO



•*************************** M D A R E P 0 R I ************************

peak spectrum library spectrum energy full photopeak detection
* * energy energy diff activity limit

keV keV keV pCi/g pCi/g

AC—228
1 21 339.40 339.55 —.15 7..409E—01 6..449E—02
2 38 911.07 911.35 -.28 8.255E—01 2709E—02
3 41 968.90 969.12 —.22 8.764E—01 4.411E—02

2.709E—02

RA-226
1 12 186.00 185.93 .07 2.229E+00 2.193E-01

2. 193E—01



SAMPO 90, 1990 PA,MN,JR. 20-Sep—1991 17:22:33

* *
GAMMA SPECTRUM ANALYS IS REPORT

1—2738
AAO4757
AA04757
4.720E+02 g
KAS

1—Sep—19i
1—Sep—1991
i—Sep—1991
l—Sep--1991

Irradiation time
—Decay time
Live time: 7..312E+03 s real time:

0 years
9 years

7.313E+03 S

0 days 0 hours 0 minutes
o days 0 hours 0 minutes
dead time: .01 7.

Shape calibration requested
Shape calibration used

Created
Modi fied

GEOM3
: DEFAULT

1—Jan—
1—Jan—

1 0:0:0
1 0:0:0

Energy calibration requested
Energy calibration used

Created
Modified :

Efficiency calibration requested
Efficiency calibration used

Created
Modi fied

GEOM3
GEOM3
26—Aug—i 991
26-Aug—i 991

GEOM3
GEOM3
26—Auq—1991
26—Aug--1991

16:34: 14
16:40:44

16:43:35
16:43:35

Last search discrimination level:
Last search FROM channel
•Last fitting discrimination level:
Last fit FROM channel
Identification energy tolerance
Minimum intensity cony. factor
Gamma reference library
-with 2 isotopes and

4.00
10 10 channel

4.00
1 TO channel

1 . 00
1 . ()c:)

MDA library name: ..\LIBRARV\RADIUM.ILF
MDA eneray tolerance: 1.00 keV

-
MDA decision limit 1—alpha: 95.C)C) )
MDA detection limit 1—beta: 35.00 7.

Peaked backrc'und file: NONE
- Energy tol eran': e for peaked backround subtract i on:

Threshold factor for peak areas: 1.00
1 . 00 keV

*
******************************************************************************
SCIENTECH, INC., 2105 LUNA RD., CARROLLTON,TX
Sample description:
Spectrum file name:
Sample identifier :
Sample size
'Measured by

*
*

Start of irradiation
;End of irradiation
Collect started on

Cc'llect ended oi

at
at
at
at

15:32:24
15:32:24
15:32:24
17:34:17

4086

4096

..\LIBRARY\RADIUMILF
4 gamma lines.

-



R A D r 0 N U C L I D £ ANAL VS IS R E P 0 R I

number nuclide conf..value Activity C pCi/g)

measured decay
corrected

sat ur at ion

2.603E+OO +— 12.577.
9.127E—O1 +— 5.65%

/ 3515E+OO

Flags: C check; nuclide is a part of an underdetermined solution

1 RA—226
2 AC-228

• 9999
9716

2. 603E+OO
9. 127E—O1

3. 515E+OO

0. 000E+00
0. 000E+00

0.. 000E+00



.*************************** M D A R E P 0 R T ****************************

peak spectrum library spectrum energy full photopeak detection
* energy energy diff. activity limit

keY keY keV pCi/g pCi/g

AC-228
1 10 338.40 338.51 —.11 9330E—O1 2.189E—O1
2 18 911.07 911.39 —.32 7.291E—01 1.136E—O1
3 20 968.90 969.15 .25 1.126E+00 i.058E01

1.OSBE—01

RA-226
1 5 186.00 185.97 .03 2.603E+00 8.388E—01

8. 388E—01



3MPO 90, 1990 PA,MN,JR. 20—Sep—1991 17:25:45

*
*

******************************************************************************
SCIENTECH, INC., 2105 LUNA RD., CARROLLTON,TX
ample description: 1—2739
Spectrum file name: AA04758
Sample identifier : AA04758
3ample size : 4.580E+02 g
;leasured by : KAS

3tart of irradiation
nd of irradiation

Collert started on
cullect ended on

17: 35: 32
17:35:32
17:35:32
7:20:17

Irradiation time
..Decay time

ive time: 4.948E+04 s real time:

0 years
0 years

4.949E+04 S

O days 0 hours 0 minutes
0 days 0 hours 0 minutes
dead time: .02 7.

Shape calibration requested
3hape ':alibration used

Created
Mod i f i ed

GEOM3
DEFAULT
1—Jan—
1—Jan—

1 0:0:0
1 0: 0: 0

Energy calibration requested
inergy calibration used

Created
Modi fied

GEOM3
GEOM3
26—Aug-1991
26—Auq- 1991

16:34: 14
16:40:44

Efficiency calibration requested
fficiency s:alibration used

Created
Modi fied

GEOM3
GEOM3
26—Auq— 1991
26—Aug— 1991

16:43:35
16:43:35

.ast search discrimination level:
_ast search FROM channel
Last fitting discrimination level:
tast fit FROM channel
Identification energy tolerance
Minimum intensity c'nv. factor
Iamma reference library
.ith 2 is':stopes and 4 gamma lines.

MDP library name: ..\LIBRARY\RADIUM.ILF
IDA energy tolerance: 1.00 keV
IDA decision limit 1—alpha: 95.00 /.

detecti':'n limit 1—beta: 95.C)0 X

Peaked backround file: NONE
. Energy tolerance fuDr peaked ba':krc'und subtra.t ion:

Threshold factor for peak areas: 1.00
1.00 keV

GAMMA SPECTRUM ANALYSIS REPORT

1—Sep-1991
1—Sep— 1991
1—Sep—1991
2—Sep— 1991

at
at
at
at

4.00
10 TO channel

4.00
1 TO channel

1.00
1 . 00

4086

4096

\LIBRARY\RADIUM. ILE



E********* RADIONUCLIDE ANALYSIS REPORT *******

umber nuclide conf..value Activity C pCilg)

measured decay saturation
corrected

1 RA—226 .9997 2.805E+0o +- 8.027. 2.805E+00 0.000E+00
2 AC—228 .9747 8..828E—01 +— 3.827. 8..828E—01 0.000E+0O

3.68BE+0O 3.688E+0O 0.000E+O0

Flags C = check; nuclide is a part of an underdetermjned solution



M D A R E P 0 R T ****************************

peak spectrum library spectrum energy full photopeak detection
* * energy energy diff. activity limit

keY keV keV pCi/g pCi/g

21 338.40 338.57 —.17 8.107E—01 9.934E—02
34 911.07 911.33 —.26 8.670E—01 4.545E—02
37 968.90 969.15 -.25 9.961E—01 6.528E—02

4.545E—02

RA-226
12 186.00 185.96 .04 2..805E+00 3..500E—01

3. 500E-01



SAMPO 90, 1990 PA,MN,JR. 20—Sep—1991 17:28:11

* *

'SCIENTECH, INC., 2105 LUNA RD.,
ample description: 1—2740
pectrum file name: AA04759
sample identifier : AA04759
sample size : 4.820E+02 g
1easured by : KAS

3tart of irradiation
End of irradiation
Collect started on
-Collect ended op

CARROLLTON, TX

2—Sep--1991
2-Sep—1991
2—Sep—1991
2—Sep—1991

0 years
P years

6.000E+03 s

*

Shape calibration requested
hape calibration used

-
Created
Modified

GEOM3
DEFAULT
1—Jan—
1—Jan—

1 0:0:0
1 0:0:0

Energy calibration requested
Energy calibration used

Created :

Modified

GEOM3
13E0M3
26—Aug— 1991
26—Aug—i 991

16:34: 14
16:40:44

Efficiency calibration requested
ffieien.:y calibration used

Created
Mc'di fied

GEOM3
GEOM3
26—Aug—1991
26—Aug—i 991

16:43:35
16:43:35

Last search discrimination level:
Last search FROM channel
Last fitting discrimination level:
_ast fit FROM s:hannel
—Identification energy tolerance
Minimum intensity cony, factor
3amma reference library
with 2 isotopes and

4.00
10 TO channel

4.00
1 TO channel

1.00
1 * 00

MDA library name: ..\LIDRARY\RADIUM.ILF
IDA energy tolerance: 1.00 keV
i'lDA decisicin limit 1—alpha: 95.00 x
MDA detection limit 1—beta: 95.00 X

?eaked backround file: NONE
Energy tol eran':e for peaked backround subtract ion:
Threshold factor for peak areas: 1.00

1.00 keV

GAMMA SPECTRUM ANALYSIS REPORT *

Irradiation time
.Decay time
_ive time: 6.000E+03 s real time:

at
at
at
at

7: 43: 52

7:43:52
7: 43: 52

9:23:52

0 days 0 hours 0 minutes
0 days 0 hours 0 minutes
dead time: .00 h

4086

4096

..\LIBRARY\RADIUM.ILF
4 gamma 1 ines.



********** RADIONUCL IDE ANALYSIS REPORT *******

number nuclide conf.value Activity ( pCi/g)

measured decay saturation
corrected

1 RA—226 .9998 2.048E+OO +— 15.10% 2.O4BE+O0 0.000E+00
2 AC—228 .9747 4..053E—01 +— 11.47% 4.053E—01 0.000E+00

2..453E+00 2.453E+00 O,000E+00

I Flags: C = check; nuclide is a part of an underdetermined solution

LIW



I
IF

LI

*************************** M D A R E P 0 R T ****************************

peak spectrum library spectrum energy full photopeak detection
* energy energy diff. activity limit

keV keV keV pCi/g pCi/g

AC-228
• 1 9 338.40 338.64 —.24 5.463E—01 2.093E—01

2 14 911.07 911.39 —.32 3.484E—01 8.GBBE—02
3 14 968..90 911.39 57.51 0.000E+00 3..130E—01

B. 688E—02

RA—226
1 5 186.00 185.96 .04 2.049E+00 8.442E—01

8. 442E—01



BAN1PO 90, 1990 PA,MN,JR. 20—Sep—1991 17:30:38

* *

SCIENTECH, INC., 2105 LUNA RD.., CARROLLTON,TX
Sample description:
Spectrum file name:
Sample identifier :
3ample size
ileasured by

tart of irradiation
End of irradiation
Collect started on
Collect ended o

2—Sep—1991
2—Sep—1991
2—Sep—1991
2—Sep-1991

9: 57: 52
9:57:52
9:57:52

11:37:52

Irradiation time
Decay time
.ive time: 6..000E-'-03 s real time:

o years
0 years

6..000E+03 S

O days 0 hours 0 minutes
O days 0 hours 0 minutes
dead time: .00 h

Shape calibration requested
3hape calibration used

Created
Modified

GEOM3
DEFAULT
1—Jan—
1—Jan—

1 0:0:0
1 0:0:0

nergy calibration requested
!nergy calibration used

Created
Modi fied

GEOM3
GEOM3
26—Aua—1991
26—Aug--1991

16:34:14
16: 40:44

Efficiency calibration requested
ffiu:iency calibration used

Created
Modi fied

GEOM3
13E0M3
26—Aug-1991
26—Aug—1991

16:43:35
16:43:35

_ast search discrimination level:
_ast search FROM channel
Last fitting discrimination level:
..ast fit FROM .:hannel
Identification energy tolerance :
rlinimum intensity cc'nv. factor
amma reference library

.'ith 2 isotopes and

10 TO channel 4086
4.00

1 TO ':hannel 4096
1.00
1 . 00

- .\LIBRARY\RADIUM.ILF

MDA library name: ..\LIBRARY\RADIUM.ILF
iDA enerQy tu:.leran:e: 1.00 keV
IDA decision limit 1—alpha: 95.00 7.

MDA detection limit 1—beta: 95.00 X

:.ea.ed backround file: NONE
inergy tc'l erance for pealed backround subtra... t ion:
Threshold factor for peak areas: 1.00

1 . 00 keV

GAMMA SPECTRUM ANALYSIS REPORT

1—274 1
AAO4760
AA04760
5..080E+02 g

KAS

*
*

at
at
at
at

4.00

4 gamma lines.



e********* RADIONUCL IDE ANALYSIS REPORT *******

iumber nuclide conf.,value Activity ( pCi/g)
measured decay saturation

corrected

1 RA—226 .9991 2..703E+OO .4-- 12.577. 2.703E+00 0.000E+00
2 AC—228 .9706 4.673E—01 +— 9.117. 4.673E—01 0..000E+O0

3.17OE+OO 3.170E+O0 O.000E+0O

Flags: C = check; nuclide is a part of an underdetermined solution



BAMPO 90, 1990 PA,MN,JR. 20—Sep—1991 17:32:50

* *
GAMMA SPECTRUM ANALYSIS

SCIENTECH, INC., 2105 LUNA RD.,
ample description:
Spectrum file name:
ample identifier :
ample size
1easured by

tart of irradiation
End of irradiation
Collect started on
Collect ended on

Irradiation time
—.Decay time
Live time: 6.000E+03 s real time:

Shape calibration requested
Shape calibration used

Created
Modi fied

GEOM3
: DEFAULT

1—Jan—
1—Jan—

Energy calibration requested
Energy ':alibration used

Created
Modified

GEOM3
13E0M3

26—Aug—1991
26—Aug— 1991

16:34:14
16: 40: 44

Efficiency calibration requested
Efficien':y calibration used

Created
Modified

GEOM3
GEOM3
26—Aug—1991
26—Aug--1991

I • 4':'.LP. .J

16:43:35

Last search discrimination level:
Last search FROM •:hannel
Last fitting discrimination level:
Last fit FROM channel
Identification enerQy tolerance
Minimum intensity .:on''. factor
Iamma reference library
with 2 isu:itopes and

4.00
10 TO ':hannel

4.00
1 TO ':hannel

1.00
1.00

MDA library name: • .\LIBRARY\RADIUM.ILF
MDA energy tolerance: 1.00 keV
MDA decision limit 1—alpha: 95.00 X
MDA detecti.:.n limit 1—beta: 95.00 7.

Peaked backrc.und file: NONE
Enery ti:ul eran: e for peaked ba':kr':'und subt r act ion:
Threshold factor for peak areas: 1.00

1 . OC) keV

REPORT

1—2742
AA0476 1
AA04761
5.510E+02 g
KAS

*
*

CARROLLTON, TX

2—Sep—1991
2—Sep—1991.
2—Sep—1991
2—Sep—1991

0 years
0 years

6.000E+03 s

at 12: 3:38
at 12: 3:38
at 12: 3:38
at 13:43:38

0 days 0 hours 0 minutes
0 days 0 hours 0 minutes
dead time: .00 7.

0:0:0
0: 0: 0

4086

4096

..\LIBPARY\RADIUM.ILF
4 gamma lines.



********* RADIONUCLIDE ANALYSIS REPORT *******

iumber nuclide conf..value ctivity ( pCi/g)

measured decay saturation
corrected

1 RA-226 .9999 2.626E+OO +- 12..20X 2.626E+OO O.000E+OO
2 AC—228 .9868 3.916E—O1 +— 10.007. 3.916E—01 0.000E+00

H /3.O18E+00 3.QIBE+00

Flags: C check; nuclide is a part of an underdetermined solution



*********. M D A R E P 0 R I ****************************

peak spectrum library spectrum enerqy full photopeak detection
* energy energy diff. activity limit

keV keV key pCi/g pCi/g

AC—228
1 10 338.40 338.55 —.15 3.974E—0i 2.173E—O12 1 911.07 911.26 —.19 3.743E—0i 1.019E—O13 16 968.90 969.06 —16 4.197E—Oj 1.551E—01

1.019E—01

RA-226
1 6 186.00 186.02 —.02 2.626E+0o 7..767E—01

7.767E—01



SAP1PO 90, 1990 PA,MN,JR. 20—Sep—1991 17:39:41

* *GAMMA SPECTRUM ANALYSIS REPORT *
* *

SCIENTECH, INC., 2105 LUNA RD.., CARROLLTON,IX

3tart of irradiation
nd of irradiation
i':'11ect started on
Collect ended or

2—Sep-1991 at
2—Sep--1991 at
2—Sep—1991 at
2—Sep—1991 at

15: 5:40
15: 5:40
15: 5:40
16:45:40

Irradiation time
Decay time
.ive time: 6.000E+03 s real time:

0 years
0 years

6..OOOEI-03 S

0 days 0 hours 0 minutes
0 days 0 hours 0 minutes
dead time: .00 7.

Shape calibration requested
—shape calibration used

Created
Mc.di tied

GEOM3
DEFAULT
1—Jan—
1—Jan—

1 0:0:0
1 0:0:0

Energy calibration requested
Energy calibration used

Created
Modi fied

GEOM3
GEOM3
26—Auci—1991
26—Aug- 1991

16:34: 14
16: 40: 44

Efficiency calibration requested
-fficiens:y calibration used

Created
Modified

GEOM3
GEOM3
26—Aug—1991
26-Aug- 1991

16:43:35
16:43:35

_ast search discrimination level:
_ast search FROM channel
Last fitting discrimination level:
.ast fit FROM channel
Identification energy tolerance
ilinimum intensity cony, factor
amma reference library
ith 2 isotopes and

MDA library name: ..\LIBRARY\RADIUM.ILF
IDA energy tolerance: 1.00 keV
IDA decisicun limit 1—alpha: 95.0C) 'I.

rIDA detection limit 1—beta: 95.00 7.

:eaked backrc.und file: NONE
.Therqy tolerance for peaked ba':krc.und subtra.:tic'n:
Threshold factor for peak areas: 1.00

1 . 00 keV

Sample description:
'Spectrum file name:
Sample identifier :
Sample size

Aeasured by

1—2743
A AC) 4 7 62

AA04762
5..910E÷02 g
KAS

4.00
10 TO channel 4086

4.00
1 TO .:hannel 4096

1 - 00
1 . OC)

.\LIBRARY\RADIUM.ILF
4 gamma lines.



•********* RDIONUCLIDE NLYS1S REPORT *******

umber nuclide conf..value ctivity ( pCi/a)

measured decay saturation
c or r ec ted

1 RA-226 .9988 2..584E4-OO +— 12.727. 2.584E+OO O.000E+OO
2 AC—228 .9845 4.494E—O1 +— 8.777. 4.494E—O1 O.000E+OO

3..033E+OO 3.033E+OO O.000E+OO

iFlags: C = ches:k; nu':lide is a part of an underdetermined solution



M D A R E P 0 R I ****************************

peak spectrum library spectrum energy full photopeak detection
* * energy energy diff. activity limit

keV keV keV pCi/g pCi/g

-

AC-228
- 1 9 338.40 338.59 -.19 5.714E—O1 2..163E—01

2 14 911.07 911.21 -.14 3.528E—O1 9.546E—02
3 15 968.90 969.11 -.21 5.693E—01 1.771E—01

9.546E—02

RA-226
1 5 186.00 185.91 .09 2..585E+00 6.601E—O1

6. 601E—01



SAMPO 90, 1990 PA,MN,JR. 20—Sep—i991 17:43:27

* *
GAMMA SPECTRUM A

.. . .. .. **********-. . . ..

NALYSIS REPORT
.. ** ***** ********** * * ** **

SCIENTECH, INC., 2105 LUNARD., CARROLLTON,TX
Sample description: 1—2744
-Spectrum file name: AA04763
Sample identifier : AA04763
Samp1e size : 4.170E+02 g
Jleasured by : KAS

-tart of irradiation
End of irradiation
Collect started on
_Collect ended on

3—Sep-1991
3—Sep—1991
3—Sep— 1991
3—Sep---1991

8: 4: 8
8: 4: 8
8: 4: 8
21:11:34

Irradiation time
Decay time
Live time: 4..724E-e-04 s real time:

0 years
0 years

4.725E+04 s

GEOM3
DEFAULT
1—Jan—
1—Jan—

0 days 0 hours 0 minutes
0 days 0 hours 0 minutes
dead time: .01 7.

Enerciy calibration requested
—Enerqy calibration used

Created
Modified

GEOM3
GEOM3
26—Aug— 1991
26—Auu--1991

16:34:14
16: 40: 44

Efficiency calibration requested
--Efficiency calibration used

Created
Modified

GEOM3
GEOM3
26—Aug-i 991
26—AuQ--1991

16:43:35
16:43:35

Last search discrimination level:
-Last search FROM channel
Last fitting discrimination level:
Last fit FROM channel
ldent i ficat ion. energy tc'lerance :

Minimum intensity i:cunv. factor
l3amma reference library
with 2 isotopes and

10 TO channel 4086
4.00

1 TO channel 4C)96
1. 00

1 . 00

MD library name: ..\LIEIRARY\RADIUM.ILF
MDl energy tolerance: 1.00 keV
-MDA decision limit 1—alpha: 9.00 X

- MD detection limit 1—beta: 95.0') x

_Peaked backrc'und file: NONE
Energy tc'l erance for peaked backround subtraction:
Threshc'l d factor for peak areas: 1.00

1 . Cx) keV

at
at
at
at

Shape calibration requested
--Shape calibration used

Created
Modified

1 0:0:0
1 0:0:0

4.00

: ..\LIBPARY\RADIUM.ILF
4 gamma lines.



********** RD I ONUCL IDE ANALYS IS REPORT *******

number nuclide conf.value Activity C pCi/g)

measured decay saturation
corrected

1 RA—226 .9999 3..323E+OO +— 7.847. 3.323E+OO O..000E+OO
2 AC—228 .9888 7.426E—O1 +— 4.247. 7.426E—O1 O.000E+OO

-, 4.O6E-s-OO 4.065E+OO O.000E+OO

F1aQS: C = check; nuclide is a part of an underdetermined solution



*************************** M D A R E P 0 R I ****************************

peak spectrum library spectrum energy full phcstopeak detection
energy energy diff. activity limit
keV keV keV pCi/q pCi/g

AC-228
1 21 338.40 338.60 —.20 6.780E—01 1.087E—01
2 34 911.07 911.23 -.16 7.349E—01 3.368E—02
3 37 968.90 968.98 —.08 8.552E—01 4.165E—02

3..368E—02

RA—226
1 12 186.00 185.98 .02 3.323E÷00 3.575E—01

3.575E—01



3AMPO 90, 1990 PA,MN,JR. 20—Sep—1991 17:46: 8

*
*

SCIENTECH, INC., 2105 LUNA RD., CARROLLTON,TX
3ample description:
3pectrum file name:
Sample identifier :
3ample size : 4.180E+02 g
leasured by : KAS

3tart of irradiation
End of irradiation
Collect started on
--Collect ended oq

3—Sep—199t
3—Sep—1991
3'—Sep—1991
3—Sep— 1991

Irradiation time :

,Decay time
ive time: 6.000E4-03 s real time:

0 years
0 years

6.OOÔE+03 S

0 days 0 hours 0 minutes
0 days 0 hours 0 minutes
dead time: .00 7.

Shape calibration requested
Shape calibration used

Created
Modified

GEOM3
DEFAULT
I—Jan—
1—Jan—

1 0:0:0
1 0:0:0

.nergy calibration requested
nergy calibration used

Created
Modified

GEOM3
GEOM3
26—Aug-- 1991
26—Aug—1991

16:34:14
16: 40: 44

Efficiency calibration requested
Efficienu:y calibration used

Created
Modi fied

GEOM3
'3E0M3
26—Aug-- 1991
26—Aug—1991

16:43:35
16:43:35

ast search discrimination level:
...ast search FROM .:hannel
Last fitting discrimination level:
..ast fit FROM channel
Identification energy tolerance
Minimum intensity cony, factor
3amma reference library
.'ith 2 isotopes and

10 TO channel 4086
4.00

1 TO channel 4096
1 . 00
1 .00

MDA library name: . .\LIDRARY\RADIUM.ILF
IDA energy tolerance: 1.00 keV
MDA decision limit 1—alpha: 95.00 1.

MDA detection limit 1—beta: 95.00 X

?eaked backround file: NONE
nery tolerance for peaked backround subtraction:
Threshold factor for peak areas: 1.00

100 keV

4 GAMMA SPECTRUM ANALYSIS REPORT

1—2745
AA04764
AA04764

**

at
at
at
at

8:10: 0
8:10: 0
8:10: 0
9:50: 0

4.00

..\LIBRARY\RADIUM.ILF
4 gamma lines.



********* RDIoNuI::LIDE ANALYSIS REPORT *******

iumber nuclide cc'nf..value Activity ( pCi/g)
measured de.:ay saturation

corrected
1 RA—226 .9988 3.686E+OO +— 12.947. 3.686E+OO O.000E+OO
2 AC—22B .9919 8.801E—O1 +— 7.347. 8.BO1E—O1 O.000E+OO

4.66E+OO 4.566E+OO O.000E+OO

Flags: C •:heck; nu.:lide is a part of an uriderdetermined solution



*************************** M D A R E P 0 R I ****************************

peak spectrum library spectrum energy full photopeak detection
* * energy energy diff. activity limit

keV keY keV pCi/g pCilg

AC-228
11 338.40 338.57 -.17 O.709E—O1 2.997E—O1
18 911.07 911.22 —.15 8.466E—O1 1.109E—01
19 968.90 968.93 —.03 9.632E—O1 1.865E—O1

1.109E—01

RA-226
1 6 186.00 186.09 —.09 3..685E+0O 1.060E+00

1.060E+O0



SAMPO 90, 1990 PA,MN,JR. 20—Sep-1991 17:48:27

GAMMA SPECTRUM ANALYS IS REPORT
*
*

SCIENTECH, INC., 2105 LUNA RD., CARROLLTON,TX
Sample description: 1—2746
Spectrum file name: AA04765
Sample identifier : AA04765
sample size : 4.250E+02 g
Measured by : KAS

*

'Start of irradiation
nd of irradiation
Collect started on
—Collect ended o

3—Sep—1991
3—Sep—1991
3—Sep—1991
3—Sep—1991

12: 8: 0
12: 8: 0
12: 8: 0
13:48: 0

Irradiation time
Decay time
_ive time: 6.000E+03 s real time:

0 years
0 years

6.000E+03 S

0 days 0 hours 0 minutes
0 days 0 hours 0 minutes
dead time: .00 7.

Shape calibration requested
3hape calibration used

Created
Modified

GEOM3
DEFAULT
1—Jan—
1—Jan-

1 0:0:0
1 0: 0: 0

nergy calibration requested
Energy calibration used

Created
Mod i f i ed

GEOM3
GEOM3
26—Aug—1991
26—Aug- 1991

16:34:14
16:40:44

Efficiency calibration requested
fficiency calibration used
-

Created
Modi fied

GEOM3
GEOM3
26—Aug-i 991
26—Aug--1991

16:43:35
16:43:35

..ast search discrimination level:
L.ast search FROM channel
Last fitting discrimination level:
...ast fit FROM channel
Identification energy tolerance
Minimum intensity cc.nv. factor
amma reference library
'ith 2 isotopes and

4.00
10 TO channel

4.00
1 TO channel

1.00
1.00

MDA library name: ..\LIBRARY\RADIUM.ILF
IDA energy tolerance: 1.00 keV
MDA decision limit 1—alpha: 95.00 /.
MDA dete':tion limit 1—beta: 95.00 7.

peaked backround file: NONE
-. Energy tolerance for peaked bac krc'und subtract ion:

Threshold factor for peak areas: 1.00
1.00 keY

at
at
at
at

4086

4096

\LIBRARY\RADIUM. ILF
4 gamma 1 ines.



********** R A D I 0 N U C L I D E ANALYSIS R E P 0 P T *******

Activity
measured

( pCi/g)

decay saturation
corrected

2. 177E+OO +—
6.088E—O1

L 2.7B6E+OO

2. 177E-'-OO

6. OBSE—Ol

2. 786E+OO

0. 000E+00
0. 000E+00

0. 000E+00

F1ags C = check; nuclide is a part of an underdetermined solution

Thumber nuclide conf.value

1 RA-226
2 AC—228

9989
9875

15. 537.
8. 457.



*************************** M D A R E P 0 R I ****************************

- peak spectrum library spectrum energy full photopeak detection
* * energy energy diff. activity limit

keV keV keV pCi/g pCi/g

AC—228
1 9 33840 338.53 -.13 5.710E—01 2.705E—01
2 17 911.07 911.32 —.25 5.709E—01 1.087E—O1
3 18 968.90 968.94 —.04 7.419E—O1 2.014E—01

1 087E—01

RA-226
1 6 186.00 185.92 .08 2.178E+00 9.446E—O1

9.446E—01

-.4



SAMPO 90, 1990 PA,MN,JR. 20—Sep—1991 17:52: 1
** * ** **** * * ** * * * * *** *** * * ******** * * * * ** * * **** ** * **** * * **** **** ** ******* ** * **

ANALYSIS *
******************************************************************************
SCIENTECH, INC., 2105 LUNA RD.., CARROLLTON,TX
3ample description: 1—2747
Spectrum file name: AA04766
Sample identifier : AA04766
3ample size : 4..990E-s-02 g
Measured by : KAS

4—Sep— 1991
4—Sep— 1991
4—Sep—1991
4—Sep--1991

lrradiation time
ecay time
...ive timer 6.000E+03 s real time:

0 years
0 years

6.000E+03 s

o days 0 hours 0 minutes
0 days 0 hours 0 minutes
dead time: .00 •h

Shape calibration requested
3hape calibration used

Created
Modi fied

GEOM3
DEFAULT
1—Jan—
i—Jan—

1 0:0:0
1 0:0:0

Energy calibration requested
Energy ':alibratic'n used

Created
Modified

GEOM3
GEOM3
26—Aug-i 991
26—Aug— 1991

16:34:14
16:40:44

Efficiency calibration requested
Efficiency calibration used

Created
Modified

GEOM3
GEOM3
26—Aug—i 991
26-Aug— 1991

16:43:35
16:43:35

Last search discrimination level:
Last sear':h FROM channel
Last fitting discrimination level:
_ast fit FROM channel
•Identification energy tolerance
Minimum intensity cony. fa.:tor
3amma reference library

2 isoti:ipes and

10 TO ':hannel 4086
4.00

1. TO channel 4096
1.00
1.00

MDA library name: ..\LIBF:ARY\RADIUM.ILF
'iDA energy tc.leran.:e: 1.00 keV
MDA decision limit 1—alpha: 95.00 /.
MDA dete':tic.n limit 1—beta: 95.o(:) y.

peaked backrc.und file: NONE
Energy tolerance for peaked backrcund subtraction:
Threshold factor fc'r peak areas: 1.00

1 OC) keV

GAMMA SPECTRUM REPORT *

'3tart of irradiation
End of irradiation
Collect started onc'llect ended or

at
at
at
at

8: 13:36
8:13:36
8:13:36
9:53:36

4.00

• \LIBRAF:Y\RADIUM. ILF
4 gamma lines. -



********* RADIONUCLIDE ANALYSIS REPORT *******

flumber nuclide conf..value Activity ( pCi/g)

measured decay saturation
corrected

1 RA—226 .9998 2.369E+OO ÷— 13.077. 2.369E÷00 O.000E+00

'2.369E+O0 2.369E+OO O.000E+00

Flags: C check; nuclide is a part of an underdetermined sculution



*************************** M D R E P 0 R I *****************

peak spectrum library spectrum energy full photcipeak detection
ft ft energy energy diff. activity limit

keV keV keV pCi/g pCi/g

AC—228
1 9 338.40 338.71 —.31 2.850E—0l 2.347E—01

1 2 15 911.07 1120.65 —209.58 0.000E4-00 2.047E—0l
3 15 968.90 1120.65 -151.75 0.000E+00 3.199E—0l

2.047E—01

RA—226
1 5 186.00 185.96 .04 2.369E+00 7.517E—01

7. 517E—01



3AMPO 90, 1990 PA,MN,JR. 20—Sep—1991 13:15:52

GAMMA SPECTRUM ANALYSIS REPORT
*
*

SCIENTECH, INC., 2105 LUNA RD., CARROLLTON,TX
sample description: 1—2748
Spectrum file name: AA04767u
-ample identifier : AA04767
Sample size : 4.1BOE+02 g
ieasured by : KAS

*

tart of irradiation
md of irradiation
Collect started on
collect ended on

4—Sep—1991
4—Sep—1991
4—Sep— 1991
4—Sep—l99l

0 years
O years

6.000E+03 S

Shape calibration requested
''Shape calibration used

Created
Modified

GEOM3
DEFAULT
1—Jan—
1—Jan—

1 0:0:0
1 0:0:0

nergy calibration requested
neray calibration used

Created
Modified

GEOM3
GEOM3
26—Aug—1991
26—Aug—1991

16:34:14
16:40:44

Efficiency calibration requested
fficiency calibration used

Created
Modi fied

GEOM3
GEOM3
26—Aug—1991
26—Aug- 1991

16:43:35
16:43:35

.ast search discrimination level:
_ast search FROM .:hannel
Last fitting discrimination level:
..ast fit FROM channel
identification energy tolerance :
Minimum intensity cony, factor
amma reference library
ith 2 isotopes and 4 gamma lines.

IDA library name: ..\LIBRARY\RADIUM.ILF
IDA energy tolerance: 1.00 keV
MDA decision limit 1—alpha: 95.00 'I.

MDA detection limit 1—beta: 95.00 7.

reaked backround file: NONE
LEnergy toleran':e for peaked backround subtraction:
rhreshold factor for peak areas: 1.00

1.00 keV

Irradiation time
4ecay time
..ive time: 6.000E+03 s real time:

at
at
at
at

10:52: 8
10:52: 8
10:52: 8
12:32: 8

O days 0 hours 0 minutes
0 days 0 hours 0 minutes
dead time: .00 7.

4.00
10 TO channel

5.00
1 TO channel

1.00
1.00

4086

4096

..\LIBRARY\RADIUM.ILF



R A D I 0 N U C L I D E ANALYSIS R E P 0 R T *******

iumber nuclide conf.value Activity ( pCi/g)

measured decay
corrected

saturation

Flags: C = check; nuclide is a part of an underdetermined solution

1 RA—226
2 AC—228

1.0000
9762

3.225E+00 +— 12.977. 3.225E+00 0.000E+0O
9.590E—01 +— 7.067. 9.590E-O1 0.000E+00

4. 184E+00 4. 184E+00 0. 000E+00



*************************** M D A R E P 0 R T ****************************

peak spectrum library spectrum energy full photopeak detection
* 4* energy energy diff. activity limit

keV keY keY pCi/g pCi/g

AC-228
1 10 338.40 338.54 —.14 9..312E—01 3.,073E—01
2 16 911.07 911.27 —.20 8.893E—01 1.104E—01
3 17 968.90 969.20 —.30 1..166E+00 2.634E—01

1.104E—01

RA-226
1 5 186.00 185.99 .01 3..225E+O0 1.033E+00

1. 033E+00



AMPO 90, 1990 PA,MN,JR 20—Sep—I 991 13:21:23

GAMMA SPECTRUM ANALYSIS REPORT
*
*
*

SCIENTECH, INC., 2105 LUNA RD., CARROLLTON,TX
Sample description: 1—2749
Spectrum file name: AA04768
Sample identifier : AA04768
ample size : 4.270E+02 g
1easured by : KAS

Irradiation time :

ecay time
.ive timer 6.000E+03 s real time:

Shape calibration requested
'3hape calibration used

0 years
o years

6.000E+03 S

GEOM3
DEFAULT
1—Jan—
1—Jan—

Created
Modified

GEOM3
GEOM3
26-Auq- 1991
26—Auq--1991

16:34:14
16:40:44

Efficiency calibration requested
:fficiency calibration used
- Created

Modi fied

GEOM3
GEOM3
26—Aug—1991
26—Aug- 1991

16:43:35
16:43:35

..ast search discr iminat ion level:
_ast search FROM channel 10
Last fittinci discrimination level:
ast fit FROM channel 1

identification energy tcilerance
ilinimum intensity cony, factor
jamma reference library
iith 2 isotopes and 4 gamma lines.

IDA library name: . .\LIBRARY\RADIUM.ILF
iDA energy tolerance: 1.00 keV
IDA decision limit 1—alpha: 95.00 '1.

1DA detection limit 1—beta: '95.00 7.

eaked backround file: NONE
Lnergy tc'leran':e for peaked backr'Dund subtraction:

hreshc'ld factor for peak areas: 1.00
1.00 keV

Start of irradiation : 4—Sep—191 at 13:16: 0
nd of irradiation : 4—Sep—1991 at 13:16: 0
Collect started on : 4—Sep—1991 at 13:16: 0ollect ended on : 4—Sep—1991 at 14:56: 0

Created :

Modified

nergy calibration requested
Energy calibration used

o days 0 hours 0 minutes
0 days 0 hours 0 minutes
dead time: .00 7.

1 0:0:0
1 0:0:0

400
TO channel 4086
5.00

TO channel 4096
1.00
1.00
\LIBRARY\RADIUM.. ILF



1********* RAD I ONUCL IDE ANALYS IS REPORT *******

iumber nuclide conf..value Activity C pCi/g)

measured decay saturation
corrected

1 RA—226 .9957 4.220E+OO ÷- 12.377. 4.220E+OO O.000E+OO
2 AC—228 .9643 9.188E—O1 +- 7.347. 9.188E—O1 O.000E+OO

- —' 5. 139E÷OO 5. 139E+OO 0. 000E+O0

Flags: C = check; nuclide is a part of an underdetermined solution



*************************** M 0 A R E P 0 R T ****************************

peak spectrum library spectrum energy full photopeak detection
energy energy diff. activity limit
keV keY keV pCi/g pCi/g

AC—228
1 11 338.40 338.56 —.16 7..095E—O1 3.,144E—01
2 17 911.07 911.28 —.21 9..801E—O1 1..008E—01
3 18 968.90 969.29 —.39 1.064E+00 2.341E—01

lOOBE—Ol

RA—226
1 6 186.00 186.16 —.16 4.218E+O0 8.870E—01

8..B7OE—01



AMPO 90, 1990 PA,MN,JR. 20—Sep—199I 13:25: 9

GAMMA SPECTRUM ANALYSIS REPORT
*
*
*

******************************************************************************
'SCIENTECH, INC., 2105 LUNA RD., CARROLLTON,TX

3tart of irradiation
md of irradiation
Collect started on
c'llect ended on

4—Sep— 1991
4—Sep-1991
4—Sep—1991
4—Sep—1991

15: 22:48
15:22:48
15:22:48
17: 2:48

Irradiation time
—Pecay time
ive time: 6.000E+03 s real time:

Shape calibration requested
5hape calibration used

Created :

Modified :

o years
o years

6.000E+03 s

GEOM3
DEFAULT
1—Jan—
1-Jan-

o days 0 hours 0 minutes
0 days 0 hours 0 minutes
dead time: .00 7.

1 0:0:0
1 0:0:0

nerqy calibration requested
.nergy ':alibration used

Created :

Modified :

GEOM3
GEOM3
26—Aug—i 991
26—Aug- 1991

16:34: 14
16:40:44

Efficiency calibration requested
ffi':ieni:y calibration used

Created :

Modified :

GEOM3
GEOM3
26—Aug—1991
26—Aug- 1991

16:43:35
16:43:35

_ast search discrimination level:
_ast searu:h FROM s:hannel
ast fitting discrimination level:
ast fit FROM :hannel
Identification energy tolerance
Minimum intensity ':onv. factor
3amma reference library
'ith 2 isotopes and 4 gamma lines.

1D library name: ..\LIBRARY\RADIUM.ILF
IDA energy tolerance: 1.00 keV
IDA decision limit 1—alpha: 95.00 7.
MDA dete.:ti'Dn limit 1—beta: 95.00 7.

Deaked backround file: NONE
Energy tolerance for peaked bai:kround subtracti.:n:
rhreshold factor for peak areas: 1.00

1.00 keV

3ample descr iption:
Spectrum file name:
-8ample identifier :
3ample size
leasured by

1—2750
AA04769
AA04769
3.940E+02 g
KAS

at
at
at
at

4.00
10 TO channel

5.00
1 TO ':hannel

1.00
1.00

4086

4096

..\LIBRARY\RADIUM.ILF



RADIQNUCLIDE ANALYSIS REPORT *******

jiumber nuci ide conf.value Activity ( pCi/g)

measured decay saturation
corrected

1 RA-226 .9996 3..415E+OO +— 14.097. 3.415E+00 0 000E4-O0
.- 2 AC—22B .9888 1.122E+00 +— 6.717. 1.122E+00 0.000Ei-00

4..537E+00 4.537E+0O 0.000E+00

Flags: C = check; nuc].ide is a part of an underdetermined solution

1



'•'*************************** M D A R E P 0 R T ***.*************************

peak spectrum
- *

library
energy
keV

spectrum
energy
keY

energy
diff.
keV

full photopeak
activity
pCi/g

detection
limit
pCi/g

AC —228
1 11 338.40 338..56 —.16 1.057E+00 3 132E—O1
2 18 911.07 911.21 —.14 1.251E+00 1.070E—01
3 19 968.90 969.05 -.15 1.003E+0O 1.201E—01

1..070E—01

RA—226
1 5 186.00 185.95 .05 3.416E+00 1.OB6E+00

1 • 086E+00



3AMPO 90, 1990 PA,MN,JR. 20-Sep—1991 13:29: 9
***************************************
*

***************************************
*

* GAMMA SPECTRUM A NALYSIS REPORT *
-* *

SCIENTECH, INC., 2105 LUNA RD., CARROLLTON,TX
Sample description: 1—2751
Spectrum file name: AA04770
3ample identifier : AA04770
Sample size : 4.320E+02 g
Measured by : KAS

Start of irradiation
nd of irradiation
Collect started on
ollect ended or

4—Sep—1991
4—Sep—1991
4-Sep—1991
4—Sep—1991

17:48:12
17:48:12
17:49:12
19:28:12

Irradiation time :

—Decay time :

...ive time: 6.000E-i-03 s real time:

0 years
0 years

6.000E+03 S

o days 0 hours 0 minutes
O days 0 hours 0 minutes
dead time: 00 X

Shape calibration requested
Shape calibration used

Created
Modified

GEOM3
DEFAULT
1—Jan—
1—Jan—

1 0:0:0
1 0:0:0

nergy calibration requested
Energy calibration used

Created :
Modified :

GEOM3
GEOM3
26—Aug—i 991
26—Aug—1991

16:34:14
16:40:44

Efficiency calibration requested
fficiency calibration used

Created
Modified

GEOM3
GEOM3
26—Aug—i 991
26—Aug— 1991

16:43:35
16:43:35

_ast search discrimination level:
Last search FROM channel
Last fitting discrimination level:
_ast fit FROM channel
Identification energy tc'lerance
Minimum intensity ':onv. factor :

Samma reference library
ith 2 iscutopes and

10 TO channel 4086
5.00

I TO channel 4096
1.00
1.00

IDA library name: .\LIBRARY\RADIUM.ILF
IDA energy tL.lerance: 1.00 keV

MDA decision limit 1—alpha: 95.C)0 7.

MDA detection limit 1—beta: 95.00 7.

Peaked backround file: NONE
Energy tolerance for peaked backrc'und subtraction:
Threshold factor for peak areas: 1.00

1.00 keV

at
at
at
at

4.00

• .\LIBRARY\RADIUM.ILF
4 gamma lines.



******** P A D I 0 N U C L I D E A N A L Y S I S R E P 0 R I *******

umber nuclicie conf.value Activity ( pCi/g)
measured decay

corrected
saturation

3.301E+OO +- 12.637.
B..892E—O1 4— 7.437.

4.190E+OO

Flags; C = check; nuclide is a part of an uñderdetermined solution

1 RA-226
2 AC—228

J 1.

• 9999
.9921

3. 301E+OO
8. B92E—O1

4. 190E+OO

0. 000E+OO
0.000E+OO

0. 000E+OO



*************************** M D A R E P 0 R T ****************************

peak spectrum library spectrum energy full photopeak detection
* * energy energy diU. activity limit

keV keV keV pCi/g pCi/g

AC-228
1 11 338.40 338.48 —.08 7.946E—01 3.088E—01
2 17 911.07 911.21 —.14 1.056E+00 1.021E—01
3 18 968.90 969.06 —.16 7.349E—O1 2.1OBE—01

1..021E—01

RA-226
1 6 186.00 185.98 .02 3.301E+OO 9. 596E—01

9. 596E—01



$AMPO 90, 1990 PA,MN,JR. 20—Sep—1991 13:35: 1.

'** * * * *** * * * ** ** * *** * * * * ** * * ** ** * *** * ***** * * * * * * ** * ** * ** * **** ** ** * * ** * * * * * ** * * *
* *

*
******************************************************************************
SCIENTECH, INC., 2105 LUNA RD., CARROLLTON,TX
Sample description: 1—2752
Spectrum file name: AA04771
-Sample identifier : AA04771
Sample size : 4.310E+02 9
Measured by : KAS

Start of irradiation
.End of irradiation
Collect started on
'ollect ended or

19:40: 2
19:40: 2
19:40: 2
8:19:37

Irradiation time
.4ecay time
..ive time: 4.557E+04 s real time:

Shape calibration requested
hape calibration used

Created
Mod i f i ed

0 years
0 years

4.558E+04 S

GEOM3
DEFAULT
1—Jan—
i—Jan—

0 days 0 hours 0 minutes
0 days 0 hours 0 minutes
dead time: .02 7.

1 0: 0: 0
1 0: 0: 0

Energy calibration requested
Energy calibration used

Created
Modi fied

GEOM3
GEOM3
26—Aug— 1991
26—Aug—1991

16:34:14
16:40:44

Efficiency calibration requested
Efficienu:y calibration used
- Created

Modi fied

GEOM3
GEOM3
26—Aug—i 991
26—Aug- 1991

16:43:35
16:43:35

_ast search discrimination level:
Last search FROM u:hannel 10
Last fitting discrimination level:
ast fit FROM channel

Identification nergy tolerance
Minimum intensity cony, factor
Samma reference library

4.00
TO channel

-I-

TO channel
1 . 00
1 . 00

1DA library name: ..\LIBRARY\RADIUM.ILF
IDA energy tolerance: 1.00 keV
MDA decision limit 1—alpha: 95.00 7.
FIDA detection limit 1—beta: 95.00 7.

-reaked backround file: NONE
Energy tolerance for peaked backround subtraction:
rhreshold factor for peak areas: 1.00

1.00 keV

* GAMMA SPECTRUM ANALYSIS REPORT *

4—Sep—1991
4—Sep—1991
4—Sep—1991
5—Sep—1991

at
at
at
at

ith

4086

4096

2 isotopes and 4 gamma lines.
..\LIBRARY\RADIIJN1.ILF



-********* R A D I 0 N U C L I D E ANALYSIS R E P 0 R T *******

iumber nuclide conf.value Activity C pCi/g)

measured decay
corrected

saturat ion

3.098E÷O0 1-— 8.227.
9..265E—01 +— 3.967.

4. 025E+OO

TFlaqs: C = check; nuclide is a part of an underdetermjned solution

1 RA—226
2 AC—228

1.0000
.9814

3. 098E+0O
9. 265E—01

4. 025E+OO

0. 000E+00
0. 000E+00

0. 000E+00



*************************** M D R E P 0 R I ****************************

peak spectrum library spectrum energy full photopeak detection
j * eneray eneray diff. activity limit

key keV keV pCi/g pCi/g

C—228
1 19 398.40 338.56 —.16 9.319E—01 1.O11E—O1
2 33 911.07 911.31 —.24 8.504E—01 4..620E—02
3 36 968.90 969.08 —.18 1.097E+O0 5.791E—02

4.620E—02

R-226
10 186.00 185.99 .01 3.099E+00 3.561E—01

3.561E—01



*
GAMMA SPECTRUM ANALYS IS

*
REPORT *

*

'SCIENTECH, INC., 2105 LUNA RD.,, CARROLLTON,TX
Sample description: 1—2753
Spectrum file name: AA04772
-sample identifier : A404772
3ample size : 4.430E+02 g
leasured by : KAS

Start of irradiation
md of irradiation
Collect started on
c'llect ended on'

Irradiation time
—Oecay time
ive time: 6.000E+03 s real time:

14: 6:28
14: 6:28
14: 6:28
15: 46: 2B

o years 0 days 0 hours 0 minutes
o years 0 days 0 hours 0 minutes

dead time:

hape calibration requested
Shape calibration used

Created
Modified

GEOM3
DEFAULT
1—Jan—
1—Jan—

1 0:0:0
1 0: 0: 0

Enerciy calibration requested
nergy calibration used

Created
Mcdi fied

GEOM3
GEOM3
26—Aug—1991
26—Aug— 1991

16:34:14
16:40:44

Efficiency calibration requested
fficiency calibration used

Created
Mcdi fied

GEOM3
GEOM3
26—Au—1991
26-Aug- 1991

16:43:35
16: 43: 3S

_ast search discrimination level:
.ast search FROM channel
_ast fitting discrimination level:
ast fit FROM channel
Identification energy tolerance
Minimum intensity cony, factor
amma reference library
ith 2 isotopes and

10 TO channel 4086
5.00

1 TO channel 4096
1.00
I . 00

IDA library name: ..\LIFRARY\RADIUM.ILF
IDA energy tolerance: 1.00 keV
IDA decisicin limit 1—alpha: 95.C)C) 'I.

'IDA detection limit 1—beta: 95.00 7.

eaked backrcund file: NONE
Energy tolerance f':r pea::ed backrc'und subtract ion:
Threshold factor for peak areas: 1.00

1 . 0(W) keV

MPO 90, 1990 PA,MN,JR. 20—Sep—1991 13:43: 2

5—Sep-1991
5—Sep—1991
5—Sep—1991
5—Sep—1991

at
at
at
at

6,.000E+03 S .00 7.

4.00

.\LIBRARY\RADIUM.ILF
4 gamma 1 ines.



s********* R A D I 0 N U C L I D E ANALYS IS R E P 0 R I

Activity
measured

3..214E+O0 +— 13.307.
6.905E—O1 ÷— 8.087.

- 3.905E+00

( pCi /g)

decay saturation
corrected

Flags: C = check; nuclide is a part of an underdetermined solution

iumber nuclide conf.value

1 RA-226
2 AC—228

• 9978
• 9959

3. 214E+00
6.905E-01

3.905E+O0

0. 000E+0O
0. 000E+00

0. 000E+00



*************************** N D 4 R E P 0 R I ***************************

peak spectrum library spectrum enerQy full photopeak detection
* energy energy diff. activity limit

key keV keV pCi/g pCi/g

AC-228
1 9 338.40 338.50 —.10 7.642E—01 2.993E—O1
2 16 911.07 911.17 —.10 5.738E—O1 1.139E—01
3 17 968.90 968.82 .08 9..523E—01 1.573E—O1

1.139E—01

RA—226
6 186.00 185.88 .12 3.215E+00 9.725E—O1

9. 725E-01



3AMPO 90, 1990 P,MN,JR. 20—Sep—1991 13:47: 6

GAMMA SPECTRUM ANALYSIS REPORT
*
*

TSCIENTECH, INC., 2105 LUNA RD., CARROLLTON,TX
Sample description: 1—2754
Spectrum file name: AA04773
ample identifier : AA04773
sample size : 4.320E÷02 g
1easured by : KAS

*

rradjatjon time
Jecay time
ive time: 5..588E÷04 s real time:

Shape calibration requested
hape calibration used

0 years
0 years

5.589E+04 s

GEOM3
DEFAULT
1—Jan—
1—Jan—

:nergy calibration requested
nergy calibration used

Created :

Modified

GEOM3
GEOM3
26—Auq-- 1991
26—Aug—1991

16:34:14
16:40:44

Efficiency calibration requested
'fficiency calibration used

Created
Modi fied

GEOM3
13E0M3

26—Aug—1991
26—Aug—1991

16:43:35
16:43:35

.ast search discrimination level:
_ast search FROM channel
Last fitting discrimination level:
.ast fit FROM channel
Identification enerqy tolerance
'linimum intensity cony, factor
lamma reference library
Jith 2 isotopes and

4.00
10 TO channel

5.00
1 TO channel

1.00
1.00

iDA library name: ..\LIBRARY\RADIUM.ILF
IDA energy tolerance: 1.00 keV

IDA decision limit 1—alpha: 95.00 •h
'IDA detection limit 1—beta: 95.00 7.

eaked backroLtnd file: NONE
inergy tolerance for peaked backround subtract ion:
hreshc'ld factor for peak areas: 1.00

1.00 keV

'5tart of irradiation : 5—Sep—191 at 19:10:14
nd of irradiation : 5—Sep—1991 at 19:10:14
Collect started : 5—Sep—1991 at 19:10:14
o1lect ended on : 6—Sep—1991 at 10:41:43

Created
Modi fied

0 days 0 hours 0 minutes
0 days 0 hours 0 minutes
dead time: .01 X

1 0:0:0
1 0:0:0

4086

4096

..\LIBRARY\RADIUM.ILF
4 gamma lines.



******** R A D I 0 N U C L I D E ANALYSIS R E P 0 R I *******

-umber nuclide conf.value Act ivity ( pCi/g)

measured decay
corrected

saturation

3.315E-'-OO +— 7.737.
6.597E—O1 +— 4.17•/.

3.974E+OO

Flags: C = check; nuclide is a part of an underdetermined solution

1 RA—226
2 AC—228

.9994

.9761
3. 315E+OO
6. 597E—O1

3. 974E+OO

0. 000E+00
0. 000E+00

0. 000E+00



*************************** M D A R E P 0 R T ****************************

peak spectrum library spectrum energy full photopeak detection
* energy energy diff. activity limit

keV keV keV pCi/q pCi/g

AC—228
1 20 336.40 338.57 —.17 6.352E—O1 9.126E—02
2 34 911.07 911.32 —.25 6..278E—O1 4.032E—02
3 37 966.90 969.14 —.24 7.824E—01 5.219E—02

4.032E—02

RA-226
11 186.00 185.94 .06 3.315E-i-0O 2..966E—01

2. 966E—O1



3MPO 90, 1990 PA,MN,JR. 20—Sep--1991 13:50:47

GAMMA

3ample description:
3pectrum file name:
Sample identifier
3ample size
leasured by

SPECTRUM

1—2755
AA04774
AA04774
5..OBOE+02 g
KAS

ANALYSIS REPORT
*
*

tart of irradiation
nd of irradiation
Collect started on

—Collect ended ori

rradiatjon time
,..Pecay time
.ive time: 6.000E+03 s real time:

o years
0 years

6.000E+03 S

o days 0 hours 0 minutes
O days 0 hours 0 minutes
dead time: .00 7.

Shape calibration requested
hape calibration used

Created
Modified :

GEOM3
DEFAULT
1—Jan---

1—Jan—
1 0:0:0
1 0:0:0

:nergy calibration requested
:nergy calibration used

Created
Modified

GEOM3
GEOM3
26—Aug—1991
26—Auq--1991

16:34: 14
16:40:44

Efficiency calibration requested
fficiency calibration used

Created
Modi lied

GEOM3
GEOM3
26—Aug— 1991
26—Au—1991

16:43:35
16:43:35

ast search discrimination level:
ast search FROM channel 10
Last fitting discrimination level:
ast fit FROM :hannel
dentificationnergy tolerance
inimum intensity cony, factor
amma reference library

4.00
TO channel
5.00

TO :hannel
1 . 00
1 . 00

1DA library name: ..\LIBRARY\RADIUM.ILF
DA energy tolerance: 1.00 keV
D decision limit 1—alpha: 95.OC) X
u1D detection limit 1—beta: 95.00 7.

2aked backrc'und file: NONE
.-ierqy tolerance for peaked backround subtraction:
hreshold factor for peak areas: 1.00

1 . 00 keV

*
******************************************************************************

- SCIENTECH, INC., 2105 LUNA RD., CARROLLTON,TX

6—Sep—1991 at 10:43:40
6—Sep—1991 at 10:43:40
6—Sep-1991 at 10:43:40
6—Sep—1991 at 12:23:40

i th

4086

4096

2 isotopes and 4 gamma lines.
..\LIBRARY\RADIUM.ILF



********* RD I ONUOL IDE NALYS IS REPORT *******

iumber nuclide conf.value ctivity ( pCi/g)
measured decay saturation

corrected
1 R—226 .9998 2.109E+00 +— 16.747. 2.109E+00 0.000E+0O
2 AC—228 .9971 3..659E—O1 +— 11.907. 3.659E—O1 0..000E+00

2..475E+OO 2.475E+00 0..000E-s-00

Flags: C = check; nuclide is a part of an underdetermined solution



************************** M D A R E P 0 R T ************************

peak spectrum library spectrum energy full photopeak detection
* energy energy diff. activity limit

keY keV keV pCi/g pCi/g

AC—228
9 338.40 338.45 —.05 4.974E—01 2..125E—O1

14 911.07 911.19 -.12 3.151E—01 8..882E—02
15 968.90 969.18 —.28 0.000E+00 3.510E—01

8.BB2E—02

RA-226
5 186.00 186.04 —.04 2.109E+00 7.705E—O1

7. 705E—01



SAMPO 90, 1990 FA,MN,JR. 21-Sep—1951 9: 4:55

GAMMA SPECTRUM ANALYS IS REPORT
*
*
*

SCIENTECH, INC., 2105 LUNA RD., CARROLLTON,TX
Sample description:
Spectrum file name:
Sample identifier :
Sample size
Measured by : KAS

Start of irradiation
End of irradiation
Collect started on
—Collect ended on

12:28:58
12:28:58
12:28:58
14: 8:58

Irradiation time
_Decay time
.ive time: 6.000E+03 s real time:

0 years
0 years

6.000E+03 5

o days 0 hours 0 minutes
0 days 0 hours 0 minutes
dead time: .00 7.

Shape calibration requested
Shape calibration used

Created
Modi fied

GEOM3
DEFAULT
1—Jan—
1—Jan—

1 0:0:0
1 0: 0: 0

Energy calibration requested
Energy calibration used

Created
Modi fied

GEOM3
GEOMS
26—Aug—1991
26—Aug—1991

16:34:14
16:40:44

Efficiency calibration requested
fficiency calibration used

Created
Modi fied

- In -
4..)

GEOM3
26—Aug—1991
26—Aug—i 991

16:43:35
16:43:35

_ast search discrimination level:
_ast search FROM channel
Last fitting discrimination level:
_ast fit FROM channel
Identificaticin energy tolerance
Minimum intensity cony, factor
amma reference libraryith 2 isotopes and

10 TO channel 4086
5.00

I TO channel 4096
1 . 00
1 . 00

library name: ..\LIBRARY\RADIUM.ILF
energy tolerance: 1.00 keV
decision limit 1—alpha: 95.00 'I.

detection limit 1—beta: 95.00 '/.

eaked backrcund file: NONE
Energy tolerance for peaked bac kr ound sLtbt r action:
1reshm1d fact:r fc'r peak areas: 1.00

1 .00 :ek)

1—2756
AA04775
AA04775
4.720E+02 g

6—Sep—i991
6—Sep—1991
6-Sep—1991
6—Sep—1991

at
at
at
at

4.00

MDA
IDA
IDA
MDA

\LIEIRARY\RADIUM. ILF
4 gamma lines.



W********* R A D I 0 N U C L I D E ANALYS IS P E P 0 R I *******

flumber nuclide conf..value Act ivity C pCi/g)

measured dei: aycect ed
saturation

/

1 RA-226
2 AC—228

• 9?98
•9760

3.082E-4-O0 +- 13.40Y. 3.082E-s-0O O.000E+OO
1.081E+0O +— 5..94•/• 1.081E-+-OO 0.000E+OO

4.164E÷O0 4.164E+00 0.000E+OO

. Flags: C = check; nuclide is a part of an underdetermined solution



*************************** M D A R E P 0 F. I ****************************

peak spectrum library spectrum energy full photcipeak detection
energy energy diff. activity limit
keV keV keV pCi/g pci/g

AC—228
13 338.40 33B.9 —.19 1..031E+OO 2..992E—01
22 911.07 91137 —.30 9.051E—O1 1.133E—01



SAMPO 90, 1990 PA,MN,JR. 20—Sep-i991 14:33:34
******************************************************************************

GAMMA SPECTRUM ANALYSIS REPORT
*
*
*

******************************************************************************
SCIENTECH, INC., 2105 LUNA RD., CARROLLTON,TX

Sample description:
Spectrum file name:
Sample identifier
Sample size
Measured by

Start of irradiation
End of irradiation
Collect started on
ollect ended on

6—Sep—1991
6—Sep—1991
6—Sep—1991
6—Sep—1991

14:46:28
14:46:28
14: 46:28
16: 26: 28

Irradiation time
-Decay time
_ive time: 6.000E+03 s real time:

0 years
0 years

6.000E+03 5

o days 0 hours 0 minutes
0 days 0 hours 0 minutes
dead time: .00 7.

Shape calibration requested
Shape calibration used

Created
Modi fied

GEOM3
DEFAULT
1—Jan—
1—Jan—

1 0:0:0
1 0:0:0

Created
Modified

Efficiency calibration requested
Efficiency calibration used

- Created
Modi fied

GEOM3
GEOM3
26—Aug— 1991
26—Aug—i 991

16:43:35
16:43:35

Last search discrimination level:
Last search FROM channel
Last fitting discrimination level:
_ast fit FROM channel
Identification energy tc'lerance
Minimum intensity cony, factor
Samma reference library
with 2 isotopes and

10 TO channel 4086
5.00

1 10 channel 4096
1.00
1 .00

IDA library name: ..\LIBRARY\RADIUM.ILF
IDA energy tolerance: 1.00 keV
MDA decision limit 1—alpha: 95.00 7.
IDA detection limit 1—beta: 95.00 7.

Peaked backround file: NONE
Energy tolerance for peaked backround subtraction:
Threshold factor for peak areas: 1.00

1.00 keY

1—2757
AA04776
AA04776
3.590E+02 g

KAS

at
at
at
at

Energy calibration requested
Energy calibration used

GEOM3
GEOM3
26—Aug—i 991
26—Aug—i 991

16:34: 14
16:40:44

4.00

.\LIBRARY\RADIUM.ILF
4 gamma lines.



e********* RD I ONUCL IDE NLYS IS REPORT **-

,umber nuclide conf..value Activity ( pCi/g)

measured decay saturation
corrected

1 RA—226 .9961 3.838E+OO +— 12.557. 3.838E+OO O.000E+OO
2 AC—228 .9617 1.054E+OO +— 7.557. 1..054E+OO O..000E+OO

/ 4.892E+OO 4..892E+OO O.000E+OO

F1ags: C = check; nuclide is a part of an uhderdetermined solutIon



*************************** M D A I E P 0 R T **.*************************

peak spectrum library spectrum energy full photopeak detection
energy energy diff. activity limit
keV keY keV pCi/g pCi/g

AC-228
1 11 338.40 338.60 —.20 9.1OBE—01 3.476E—01
2 18 911.07 911.41 —.34 1.121E+00 9.859E—02
3 19 968.90 969.20 —.30 1..o7lE+OO 2..832E—01

9.859E—02

RA—226
1 6 186.00 186.16 —.16 3.836E4-O0 1. 154E+O0

1..154E+00



SAMPO 90, 1990 PA,MN,JR. 20—Sep—1991 14:38: 1

GAMMA SPECTRUM ANALYSIS REPORT
*
*
*

******************************************************************************
SCIENTECH, INC. 2105 LUNA RD., CARROLLTON,TX
Sample description: 1—2758
Spectrum file name: AA04777
amp1e identifier : AA04777
ample size : 4.630E+02 g
1easured by : KAS

3tart of irradiation
nd of irradiation
Collect started on
ollect ended orr

Irradiation time
.4ecay time
ive time: 1.000E+05 s real time:

Shape calibration requested
hape calibration used

0 years
0 years

1.000E÷05 s

GEOM3
DEFAULT
1—Jan—
1—Jan—

!nergy calibration requested
£nergy calibration used

Created
Modified :

GEOM3
GEOM3
26—Aug—i991
26—Aug-1991

16:34:14
16:40:44

Efficiency cal ibrat ion requested
fficiency calibration used

Created
Modified

GEOM3
GEOM3
26—Aug—1991
26—Aug— 1991

16:43:35
16:43:35

.ast search discrimination level:
_ast search FROM channel
'.ast fitting discrimination level:
ast fit FROM channel
:dentification energy tolerance
Ilinimum intensity cony, factor
lamma reference library
ith 2 isotopes and

10 TO channel 4086
5.00

1 TO channel 4036
1.00
1 . 00

..\LIBRARY\RADIUM.ILF

IDA library name: .\LIBRARY\RADIUM.ILF
IDA energy tolerance: 1.00 keV
IDA decision limit 1—alpha: 35.00 /.

1DA detection limit 1—beta: '35.00 7.

eaked backround file: NONE
nergy tolerance for peaked backrc'und subtraction:
hreshold factor for peak areas: 1.00

1.00 keV

: 6—Sep—191 at 16:55:16
: 6—Sep--1991 at 16:55:16
: 6—Sep—1991 at 16:55:16
: 7—Sep--1991 at 20:42: 9

Created :

Modified

O days 0 hours 0 minutes
0 days 0 hours 0 minutes
dead time: .01 7.

1 0: 0: 0
1 0:0:0

4.00

4 qamma 1 ines.



********** RD I ONUCL IDE NLYS IS REPORT *******

number nuclide conf.value Activity ( pCi/g)
measured decay saturation

corrected

1 RA-226 .9999 3.272E+OO -s-— 7.377. 3.272E+OO O.000E+OO
2 AC—228 .9796 7..580E—O1 +— 3.747. 7.580E—O1 O..000E+OO

4.030E+OO 4.030E+OO O..000E+OO

Flags: C = check; nuclide is a part of an underdetermined solution



*************************** M D A R E P 0 P 1 ****************************

peak spectrum library spectrum energy full phcitopeak detection
* * energy energy diff. activity limit

keY keV keV pCi/a pCi/g

AC-228
1 23 338.40 338.55 —.15 7.639E—O1 6.395E—02
2 37 911.07 911.33 -.26 7.156E—01 2.394E—02
3 40 968.90 969.09 —.19 8..584E—01 3.G76E—02

2.394E—02

RA—226
1 12 186.00 185.9B .02 3..272E-+-0O 2.167E—01

2. 167E—01



SAMPO 90, 1990 P,MN,JR. 20—Sep—l99l 14:41:52
** * ** ** * *** * * * * * * * ** * ** * ** * * ** * * * **** * * * * * * * * * * * * * * ** * * * * * ** **** * ************ *
* *

GAMMA SPECTRUM ANALYSIS REPORT

Start of irradiation
End of irradiation
Collect started on
collect ended on

1—2759
AA04778
AA04778
5.470E+02 9
KAS

Irradiation time
—Decay time
_ive time: 6..000E+03 s real time:

Shape calibration requested
Shape calibration used

Created
Modified

0 years
.0 years

6.000E+03

GEOM3
DEFAULT
1—Jan—
1—Jan—

0 days 0 hours 0 minutes
0 days 0 hours 0 minutes
dead time: .00 X

1 0: 0: 0
1 0: 0: 0

Energy calibration requested
Energy calibration used

Created :

Modified

GEOM3
GEOM3
26—Aug—1991
26—Aug— 1991

Efficiency calibration requested
Efficiency calibration used

Created
Modi fied

GEOM3
GEOM3
26—Aug—199i.
26—Aug-- 1991

ICJ.. ._l

16:43:35

_ast search discrimination level:
ast search FROM channel
'_ast fitting discrimination level:
_ast fit FROM u:hannel
Identification energy tolerance
Minimum intensity cc.nv. factor
Samma reference library
with 2 isotopes and 4 gamma lines

1DA library name: ..\LIBRARY\RADIUM.ILF
IDA energy tolerance: 1.00 keV
IDA decision limit 1—alpha: 95.00 7.
MDA detectic.n limit 1—beta: 95.00 7.

eaked backround file: NONE
Energy toleran':e for peaked backround subtraction:
Threshold factor for peak areas: 1.00

1.00 keV

* *
*

******************************************************************************
SCIENTECH, INC., 2105 LUNA RD., CARROLLTON,TX

Sample descr ipt ion:
Spectrum file name:
Sample identifier
Sample size
T'leasured by

: 9—Sep—1991 at 14: 8: 4
: 9—Sep—1991 at 14: 8: 4
: 9—Sep—1991 at 14: 8: 4
: 9—Sep—1991 at 15:48: 4

16:34: 14
16:40:44

4.00
10 TO channel

4.00
1 TO channel

1 - 00
1 . 00

4086

4096

• \LIBRARY\RADIUM. ILF



*-********* R D I 0 N U C L I D E NLYS IS R E P 0 R T *******

iumber nuclide conf.value ctivity ( pCi/g)

measured decay
cor r ec ted

saturation

1 RA-226
2 AC—228

1.0000 2.983E+OO +—
.9679 4.681E—01 +—

3.451E+00

2. 983E+00
4.681E—01

3. 451E+00

0. 000E+00
0. 000E÷00

0. 000E+O0

Flags: C = check; nuclide is a part of an underdetermined solution

12. O1X
8.987.



*************************** M 0 P E P 0 P T ************************

peak spectrum library spectrum energy full photopeak detection
* energy energy diff. activity limit

keV keV keV pCi/g pCi/g

-228
10 338.40 338.51 —.11 3.099E—01 2.345E—01
15 911.07 911.11 —.04 5.024E—01 9.664E—02
16 968.90 969.34 —.44 5.748E—01 1.691E—01

9.664E—02

RA-226
1 6 186.00 186.00 .00 2..983E+00 7.122E—01

7. 122E—01



3AMPO 90, 1990 PA,MN,JR. 20—Sep—1991 14:45:54

GAMMA

3ample description:
spectrum file name:
3ample identifier
ample size

'ieasured by

SPECTRUM

1—2760
AA04779
AA04779
5.770E+02 g
KAS

ANALYSIS REPORT
*
*

3tart of irradiation
nd of irradiation
Collect started on
o1lect ended on

9—Sep--1991
9—Sep— 1991
9—Sep—1991
9—Sep— 1991

16:25:56
16:25:56
16: 25:56
18: 5:56

Irradiation time
ecay time
.ive time: 6..000E÷03 s real time:

0 years
0 years

6.000E4-03 S

0 days 0 hours 0 minutes
0 days 0 hours 0 minutes
dead time: .00 X

Shape calibration requested
;hape calibration used

Created
Modified

GEOM3
DEFAULT
1—Jan—
1—Jan—

1 0:0:0
1 0: 0: 0

nerqy calibration requested
tnergy calibration used

Created
Modi fied

GEOM3
GEOM3
26—Aug—1991
26—Auci--1991

16:34:14
16:40:44

Efficiency calibration requested
fficien:y calibration used

Created
Moth fied

GEOM3
'3E0M3
26—Aug— 1991
26—Auq—1991

16:43:35
16:43:35

ast search discrimination level:
ast searu:h FROM channel
I.ast fitting discrimination level:
ast fit FROM channel
:dentification energy tolerance
Minimum intensity cony, factor
amma reference library
'ith 2 isotopes and

4.00
10 10 channel

5.00
1 TO channel

1.00
1 . 00

iDA library name: . .\LIERARY\RADIUM.ILF
iDA energy tolerance: 1.OC) keV
IDA decisic'n limit 1—alpha: 95.00 /.

N1DA dete':ticn limit 1—beta: 95.00 Y.

'eaked backround file: NONE
Energy tolerance for peaked backrc'und subtraction:
hreshcld factor for peak areas: 1.00

1 . (?)C) keV

*

SCIENTECH, INC., 2105 LUNA RD., CARROLLTON,Tx

at
at
at
at

4086

4096

\LIBRARY\RADIUM. ILF
4 gamma 1 ines.



********** RADIONUCLIDE ANALYSIS REPORT *******

'umber nuclide conf..value Activity C pCi/g)

measured decay saturation
corrected

I RA-226 .9986 2.919E-s-OO ÷— 11.347. 2.919E+OO O.000E+OO

/ 2..919E-oo 2..919E+OO O.000E+OO

F1ag: C check nucUde is a part of an underdetermined solution



3AMPO 90, 1990 P4,MN,JR. 20—Sep—199l 14:58:31

GAMMA SPECTRUM ANALYSIS REPORT
*
*
*

SCIENTECH, INC., 2105 LUNA RD., CARROLLTON,TX
3ample description:
Spectrum file name:
Sample identifier :
3ample size

-.1easured by

tart of irradiation
End of irradiation
Collect started on
Oollect ended on

9—Sep—191
9—Sep—1991
9-Sep—1991
10—Sep—1991

18:39: 2
18:39: 2
18:39: 2
7:49:40

lrradiation time
Decay time
,ive time: 4..743E-I-04 S real time:

0 years
0 years

4.744E-'-04 S

0 days 0 hours 0 minutes
0 days 0 hours 0 minutes
dead time: .01 X

Shape calibration requested
hape calibration used

Created
Modi fied

GEOM3
DEFAULT
1—Jan—
1—Jan—

1 0:0:0
1 0:0:0

nergy calibration requested
tnergy calibration used

Created
Modi fied

GEOM3
GEOM3
26—Aug—1991
26—Aug-1991

16:34:14
16:40:44

Efficiency calibration requested
:fficiency u:alibration used

- Created
Modi fied

GEOM3
GEOM3
26—Aug— 1991
26—Aug—199 1

16:43:35
16:43:35

ast search discrimination level:
ast search FROM channel 10
Last fitting discrimination level:
..ast fit FROM channel
identification energy tolerance
Minimum intensity cony, factor
iamma reference library

4.00
TO channel
5.00

TO channel
1. 00

1 . 00
•\LI-FRARY\RADIUM.ILF

"iDA library name: ..\LIBRARY\RADIUM.ILF
IDA energy tolerance: 1.00 LeV
IDA decjsjc'n limit 1—alpha: 95.00 X
NIDA detect ion limit 1—beta: 95.00 X

->eaked backrcund file: NONE
Energy tolerance for peaked backround subtraction:
hreshcld factor fc'r peak areas: 1.00

1.00 keV

1—276 1
AA04780
AA04780
4.470E+02 g

KAS

at
at
at
at

,ith

4086

4096

2 isotopes and 4 gamma lines.



*************************** P1 D R E P 0 R T ****************************

peak spectrum library spectrum energy full photopeak detection
* energy energy diff. activity limit

keV keV keV pCi/g pCi/g

AC—228
9 338.40 338.60 —.20 4..748E—O1 2..061E—01

14 911.07 911.25 -.18 4..315E—01 8.470E—02
14 968.90 911.25 57.65 0.000E+00 2.956E—01

8.470E—02

RA—226
1 5 186.00 185.91 .09 2.920E+0O 7.124E—01

7.124E—01



i******** RAD I ONUCL IDE ANALYS IS REPORT *******

number nuclide conf..value Activity ( pCi/g)
measured decay saturation

corrected

1 RA—226 .9997 2.919E+OO .4-— 7.927. 2.919E+OO O.000E+OO
2 AC—228 .9945 6.707E—O1 +— 4.15% 6707E—O1 O.000E+OO

3.589E+OO 3..589E+OO O.000E+OO

TElags: C = check; nuclide is a part of an underdetermined solution



.************************** M D A R E P 0 R I ************************

peak 5pectrum library 5pectrum enerqy full photopeak detection
* energy energy diff. activity limit

keV keV keV pCi/g pCi/g

AC-228
19 338.40 338.53 —.13 6.697E—01 9.782E—02
31 911.07 911.20 -.13 6.203E—01 4.578E—02
34 968.90 968.88 .02 7.783E—01 5.,746E—02

4..578E—02

RA—226
1 10 186.00 185.96 .04 2.919E+00 3..341E—01

3. 34 1E—Ol



U. 8. Army Corps of Engineers
Southwestern Division Laboratory

4815 Case Street
Dallas, Texas 75235

Chain-cf-Custody Form

Location :/e///¼a. J'd4 Icea Date: /% 7/
Type and Number of Containers in Shipment:

Vials: Glass bottles:

Field Time
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I' /-223(
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Custody Record
Signature and Title
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U. S. Army Corps of Engineers
Southwestern Division Laboratory

4815 Cass Street
Dallas, Texas 75235

Chain-of-Custody Form

Location: axc.- ' i.4*t.f Date: /%4 '
Type and Number of Containers in Shipment:

Vials: _________ Glass bottles:

Field
Number

Time
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b9- c " 1L?J?
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Remarks:

Custody Record
Signature and Title
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// QL/
1--,-1
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7f/
Date Time



U S. Army Corps of Engineers
Southwestern Division Laboratory

4815 CaBs Street
Dallas, Texas 75235

Chain-of-Custody Form

Location 4//'A'6, Jz' ,& Date: IL 4 V

Type and Number of Containers in Shipment:

Vials: Jars//1p4i4 Glass bottles:

Field Time
Nther Sampled Parameter(s)

1& ftp' '2t/ ,9rfs
-' /3T" 'f /-2XS

Ø-r 75/ ' "-Z7f
7i-C' c;/ /—Z7Y7

f7 dJ/S " /-;44
Ø'Lf ss- / / ?'

c)i-/S" " /_Z 75c

- c) -/Y
/ ,. '- 7 r7

q6// (j_/s /-27ç2_

; / 'I

Remarks:

Custody Record
Signature and Title

in ish4d by Received by Date Time

U9i _________ -/' ./
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Southwestern Division Laboratory

4815 Cass Street
Dallas, Texas 75235

Chain-of-Custody Form

Location: /4,//, A4r J Date: /(4. V/

Type and Number of Containers in Shipment:

Vials: ars/JiJ1'-pc7A Glass bottles:
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Number

Time
Sampled Paraineter(s,-/ /,fr) /-z7c'71

/27
?fr4 /� / (f I Li
j-/6 &'-/s" '' 1-?,c
4/47 t273'

fr/ /7 /-a7c
1/ 4/ /S5-/4' '1 /-2Xo

r /7 a
/ ' /2 7/

Remarks:

Custody Record
Signature and Title

Relin ished by Received by Date Time
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